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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the optical system which has 
excellent optical performance and its manufacture and eccentricity error 
sensitivity reduction designing method by suppressing eccentric aberration 
due to a manufacture error small. 

SOLUTION: An arbitrary optical system has a 1st stage 10 wherein a group 
which causes a manufacture problem since eccentricity error sensitivity is 
relatively large is specified, a 2nd stage 20 wherein the eccentricity error is 
calculated by using the eccentric aberration coefficient of the specified 
group and the obtained eccentricity error is compared with actual eccentric 
aberration obtained by light beam tracking, a 3rd stage 30 wherein the 
tertiary aberration coefficient of a main factor making the eccentricity error 
sensitivity large is specified when it is judged that the eccentric aberration 
matches the actual one well, a 4th stage 40 wherein the tertiary aberration 
coefficient is made small, and a 5th stage 50 wherein aberration balance is 
so controlled that the total performance is held nearly equal to that before 
the designing. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st step which specifies the group which consists of at least one lens side which poses a manufacture top problem 
in the optical system of arbitration since eccentric-error sensibility is relatively large. The 2nd step which performs the 
comparison with the eccentric aberration which calculated eccentric aberration using the eccentric aberration coefficient of the 
group specified in this 1st phase, and was acquired by this count and actual eccentric aberration. The 3rd step which specifies 
the 3rd aberration coefficient which serves as a key factor which enlarges said eccentric-error sensibility when it is judged that 
the eccentric aberration acquired by said count and actual eccentric aberration are well in agreement as a result of a comparison 
in this 2nd phase. The 5th step which performs the design which prepares the aberration balance changed with the design in said 
4th step so that it may be maintained to the same extent as the 4th step which performs the design which makes small the 3rd 
aberration coefficient specified in this 3rd phase, and the condition before said design of totality ability in the 4th step, and 
optical system designed as be alike. 

[Claim 2] Optical system characterized by for optical system according to claim 1 being a zoom lens, and the group specified in 
said 1 st step being biggest zoom group of eccentric-error sensibility. 

[Claim 3] Optical system according to claim 1 which designs and changes so that magnitude of point distribution in the eccentric 
condition may be minimum-ized when it is judged that the eccentric aberration acquired by said count differs from actual 
eccentric aberration greatly as a result of said comparison in the 2nd step. 

[Claim 4] Optical system according to claim 1 to which a design in said 4th step is characterized by being addition of the lens by 
the side of an image rather than the group specified in said 1 st step, or its group. 

[Claim 5] Optical system according to claim 1 to which a design in said 4th step is characterized by being addition of the 
aspheric surface by the side of an image rather than the group specified in said 1 st step, or its group. 

[Claim 6] Optical system according to claim 1 to which a design in said 5th step is characterized by being addition of the lens by 
the side of a body rather than the group specified in said 1st step. 

[Claim 7] Optical system according to claim 1 to which a design in said 5th step is characterized by being addition of the 
aspheric surface by the side of a body rather than the group specified in said 1st step. 

[Claim 8] Optical system according to claim 1 characterized by performing a design in the 4th step and said 5th step, without 
changing power arrangement of the whole system. 

[Claim 9] The 1st step which specifies the group which consists of at least one lens side which poses a manufacture top problem 
in the optical system of arbitration since eccentric-error sensibility is relatively large. The 2nd step which performs the 
comparison with the eccentric aberration which calculated eccentric aberration using the eccentric aberration coefficient of the 
group specified in this 1st phase, and was acquired by this count, and actual eccentric aberration, The 3rd step which specifies 
the 3rd aberration coefficient which serves as a key factor which enlarges said eccentric-error sensibility when it is judged that 
the eccentric aberration acquired by said count and actual eccentric aberration are well in agreement as a result of a comparison 
in this 2nd phase. So that it may be maintained to the same extent as the 4th step which performs the design which makes small 
the 3rd aberration coefficient specified in this 3rd phase, and the condition before said design of totality ability in the 4th step 
The manufacture approach of the optical system characterized by having the 5th step which performs the design which prepares 
the aberration balance changed with the design in said 4th step. 

[Claim 10] The manufacture approach of the optical system according to claim 9 characterized by for said optical system being a 
zoom lens and the group specified in said 1st step being biggest zoom group of eccentric-error sensibility. 

[Claim 1 1] The manufacture approach of the optical system according to claim 9 characterized by designing so that magnitude of 
point distribution in the eccentric condition may be minimum-ized when it is judged that the eccentric aberration acquired by said 
count differs from actual eccentric aberration greatly as a result of said comparison in the 2nd step. 

[Claim 12] The manufacture approach of optical system according to claim 9 that a design in said 4th step is characterized by 
being addition of the lens by the side of an image rather than the group specified in said 1 st step, or its group. 
[Claim 13] The manufacture approach of optical system according to claim 9 that a design in said 4th step is characterized by 
being addition of the aspheric surface by the side of an image rather than the group specified in said 1 st step, or its group. 
[Claim 14] The manufacture approach of optical system according to claim 9 that a design in said 5th step is characterized by 
being addition of the lens by the side of a body rather than the group specified in said 1 st step. 

[Claim 15] The manufacture approach of optical system according to claim 9 that a design in said 5th step is characterized by 
being addition of the aspheric surface by the side of. a body rather than the group specified in said 1st step. 

[Claim 16] The manufacture approach of the optical system according to claim 9 characterized by performing a design in the 4th 
step and said 5th step, without changing power arrangement of the whole system. 

[Claim 17] The 1st step which specifies the group which consists of at least one lens side which poses a manufacture top 
problem in the optical system of arbitration since eccentric-error sensibility is relatively large. The 2nd step which performs the 
comparison with the eccentric aberration which calculated eccentric aberration using the eccentric aberration coefficient of the 
group specified in this 1 st phase, and was acquired by this count, and actual eccentric aberration, The 3rd step which specifies 
the 3rd aberration coefficient which serves as a key factor which enlarges said eccentric-error sensibility when it is judged that 
the eccentric aberration acquired by said count and actual eccentric aberration are well in agreement as a result of a comparison 
in this 2nd phase. So that it may be maintained to the same extent as the 4th step which performs the design which makes small 
the 3rd aberration coefficient specified in this 3rd phase, and the condition before said design of totality ability in the 4th step 
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The eccentric-error sensibility reduction design approach characterized by having the 5th step which performs the design which 
prepares the aberration balance changed with the design in said 4th step. 

[Claim 1 8] The eccentric-error sensibility reduction design approach according to claim 1 7 characterized by for said optical 
system being a zoom lens and the group specified in said 1 st step being biggest zoom group of eccentric-error sensibility. 
[Claim 19] The eccentric-error sensibility reduction design approach according to claim 17 characterized by designing so that 
magnitude of point distribution in the eccentric condition may be minimum-ized when it is judged that the eccentric aberration 
acquired by said count differs from actual eccentric aberration greatly as a result of said comparison in the 2nd step. 
[Claim 20] The eccentric-error sensibility reduction design approach according to claim 1 7 that a design in said 4th step is 
characterized by being addition of the lens by the side of an image rather than the group specified in said 1st step, or its group. 
[Claim 21] The eccentric-error sensibility reduction design approach according to claim 17 that a design in said 4th step is 
characterized by being addition of the aspheric surface by the side of an image rather than the group specified in said 1st step, 
or its group. 

[Claim 22] The eccentric-error sensibility reduction design approach according to claim 1 7 that a design in said 5th step is 
characterized by being addition of the lens by the side of a body rather than the group specified in said 1 st step. 
[Claim 23] The eccentric-error sensibility reduction design approach according to claim 1 7 that a design in said 5th step is 
characterized by being addition of the aspheric surface by the side of a body rather than the group specified in said 1st step. 
[Claim 24] The eccentric-error sensibility reduction design approach according to claim 1 7 characterized by performing a design 
in the 4th step and said 5th step, without changing power arrangement of the whole system. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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2. **** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to optical system with the eccentric-error sensibility small in more detail equipped 
with the applicable features to all optical system (for example, photography optical system of a camera), its manufacture 
approach, and the eccentric-error sensibility reduction design approach about optical system, its manufacture approach, and the 
eccentric-error sensibility reduction design approach. 
[0002] 

[Description of the Prior Art] For example, in manufacture of optical system, if eccentric errors, such as parallel eccentricity and 
inclination eccentricity, arise in a part of optical system, eccentric aberration will occur. The error sensibility of this eccentric 
aberration becomes one factor which makes manufacture of optical system difficult Conventionally, a general thing reduces the 
error sensibility of the part of a power ratio by optical system with small eccentric-error sensibility by making small power of the 
lens group which poses a problem. Moreover, in JP.8-220435.A. in order to reduce the sensibility to the eccentricity of the 
aspheric surface, the zoom lens which specified the size relation between the criteria radius of curvature of the aspheric surface 
and deviation is proposed so that the image surface inclination generated with the relative eccentricity of the mutual lens side of 
both aspheric lenses may become below a predetermined value. 
[0003] 

[Problem(s) to be Solved by the Invention] In the former optical system, unless changing power sharply is carried out, eccentric- 
error sensibility cannot be reduced sharply. On the other hand, although only the relative eccentricity of the mutual lens side of 
both aspheric lenses is prescribed by the latter zoom lens, whenever error sensibility is the aspheric surface, it is not necessarily 
large. For example, if radius of curvature is the small large field of deviation even rf it is the aspheric surface, the error sensibility 
to eccentricity is small, and conversely, rf it is the field where radius of curvature is small even if it is the spherical surface, the 
error sensibility to eccentricity is large. Therefore, even if it reduces only the error sensibility to the eccentricity of both aspheric 
lenses, error sensibility to the eccentricity of the whole optical system cannot necessarily be reduced. 
[0004] This invention is made in view of these points, clarifies formation of eccentric aberration in analyzing the eccentric 
aberration produced with eccentricity, suppresses small the eccentric aberration generated with a manufacture error, and aims at 
offering the optical system which has good optical-character ability, its manufacture approach, and the eccentric-error sensibility 
reduction design approach. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the optical system of the 1st invention The 1st 
step which specifies the group which consists of at least one lens side which poses a manufacture top problem in the optical 
system of arbitration since eccentric-error sensibility is relatively large. The 2nd step which performs the comparison with the 
eccentric aberration which calculated eccentric aberration using the eccentric aberration coefficient of the group specified in 
this 1 st phase, and was acquired by this count, and actual eccentric aberration. The 3rd step which specifies the 3rd aberration 
coefficient which serves as a key factor which enlarges said eccentric-error sensibility when it is judged that the eccentric 
aberration acquired by said count and actual eccentric aberration are well in agreement as a result of a comparison in this 2nd 
phase, So that it may be maintained to the same extent as the 4th step which performs the design which makes small the 3rd 
aberration coefficient specified in this 3rd phase, and the condition before said design of totality ability in the 4th step It has the 
5th step which performs the design which prepares the aberration balance changed with the design in said 4th step, and 
composition designed as be alike. 

[0006] In the configuration of invention of the above 1st. the optical system is a zoom lens and optical system of the 2nd 
invention is characterized by the group specified in said 1st step being biggest zoom group of eccentric-error sensibility. 
[0007] In the configuration of invention of the above 1st. the optical system of the 3rd invention has composition designed so 
that magnitude of point distribution in the eccentric condition might be minimum-ized. when it is judged that the eccentric 
aberration acquired by said count differs from actual eccentric aberration greatly as a result of said comparison in the 2nd step. 
[0008] Optical system of the 4th invention is characterized by being addition of the lens by the side of an image in the 
configuration of invention of the above 1st rather than the group as which the design in said 4th step was specified in said 1st 
step, or its group. 

[0009] Optical system of the 5th invention is characterized by being addition of the aspheric surface by the side of an image in 
the configuration of invention of the above 1 st rather than the group as which the design in said 4th step was specified in said 
1st step, or its group. 

[0010] Optical system of the 6th invention is characterized by being addition of the lens by the side of a body in the 
configuration of invention of the above 1 st rather than the group as which the design in said 5th step was specified in said 1 st 
step. 

[001 1] Optical system of the 7th invention is characterized by being addition of the aspheric surface by the side of a body in the 
configuration of invention of the above 1 st rather than the group as which the design in said 5th step was specified in said 1 st 
step. 

[0012] Optical system of the 8th invention is characterized by performing a design in the 4th step and said 5th step, without 
changing power arrangement of the whole system in the configuration of invention of the above 1 st. 

[0013] The 1st step which specifies the group which consists of at least one lens side where the manufacture approach of the 
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optical system the 9th invention poses a manufacture top problem in the optical system of arbitration since eccentric-error 
sensibility is relatively large. The 2nd step which performs the comparison with the eccentric aberration which calculated 
eccentric aberration using the eccentric aberration coefficient of the group specified in this 1st phase, and was acquired by this 
count and actual eccentric aberration. The 3rd step which specifies the 3rd aberration coefficient which serves as a key factor 
which enlarges said eccentric- error sensibility when it is judged that the eccentric aberration acquired by said count and actual 
eccentric aberration are well in agreement as a result of a comparison in this 2nd phase. It is characterized by having the 5th 
step which performs the design which prepares the aberration balance changed with the design in said 4th step so that it may be 
maintained to the same extent as the 4th step which performs the design which makes small the 3rd aberration coefficient 
specified in this 3rd phase, and the condition before said design of totality ability in the 4th step. 

[0014] In the configuration of invention of the above 9th. said optical system is a zoom lens and the manufacture approach of the 
optical system the 10th invention is characterized by the group specified in said 1st step being biggest zoom group of eccentric- 
error sensibility. 

[0015] In the configuration of invention of the above 9th. the manufacture approach of the optical system the 11th invention is 
characterized by designing so that magnitude of point distribution in the eccentric condition may be minimum-ized. when it is 
judged that the eccentric aberration acquired by said count differs from actual eccentric aberration greatly as a result of said 
comparison in the 2nd step. 

[0016] The manufacture approach of the optical system the 12th invention is characterized by being addition of the lens by the 
side of an image in the configuration of invention of the above 9th rather than the group as which the design in said 4th step was 
specified in said 1 st step, or its group. 

[0017] The manufacture approach of the optical system the 13th invention is characterized by being addition of the aspheric 
surface by the side of an image in the configuration of invention of the above 9th rather than the group as which the design in 
said 4th step was specified in said 1 st step, or its group. 

[0018] The manufacture approach of the optical system the 14th invention is characterized by being addition of the lens by the 
side of a body in the configuration of invention of the above 9th rather than the group as which the design in said 5th step was 
specified in said 1st step. 

[0019] The manufacture approach of the optical system the 15th invention is characterized by being addition of the aspheric 
surface by the side of a body in the configuration of invention of the above 9th rather than the group as which the design in said 
5th step was specified in said 1 st step. 

[0020] The manufacture approach of the optical system the 1 6th invention is characterized by performing a design in the 4th 
step and said 5th step, without changing power arrangement of the whole system in the configuration of invention of the above 
9th. 

[0021] The eccentric-error sensibility reduction design approach of the 17th invention The 1st step which specifies the group 
which consists of at least one lens side which poses a manufacture top problem in the optical system of arbitration since 
eccentric-error sensibility is relatively large, The 2nd step which performs the comparison with the eccentric aberration which 
calculated eccentric aberration using the eccentric aberration coefficient of the group specified in this 1st phase, and was 
acquired by this count, and actual eccentric aberration. The 3rd step which specifies the 3rd aberration coefficient which serves 
as a key factor which enlarges said eccentric-error sensibility when it is judged that the eccentric aberration acquired by said 
count and actual eccentric aberration are well in agreement as a result of a comparison in this 2nd phase, It is characterized by 
having the 5th step which performs the design which prepares the aberration balance changed with the design in said 4th step so 
that it may be maintained to the same extent as the 4th step which performs the design which makes small the 3rd aberration 
coefficient specified in this 3rd phase, and the condition before said design of totality ability in the 4th step. 

[0022] In the configuration of invention of the above 1 7th, said optical system is a zoom lens and the eccentric-error sensibility 
reduction design approach of the 18th invention is characterized by the group specified in said 1st step being biggest zoom group 
of eccentric-error sensibility. 

[0023] In the configuration of invention of the above 1 7th, the eccentric-error sensibility reduction design approach of the 1 9th 
invention is characterized by designing so that magnitude of point distribution in the eccentric condition may be minimum-ized. 
when it is judged that the eccentric aberration acquired by said count differs from actual eccentric aberration greatly as a result 
of said comparison in the 2nd step. 

[0024] The eccentric-error sensibility reduction design approach of the 20th invention is characterized by being addition of the 
lens by the side of an image in the configuration of invention of the above 1 7th rather than the group as which the design in said 
4th step was specified in said 1 st step, or its group. 

[0025] The eccentric-error sensibility reduction design approach of the 21st invention is characterized by being addition of the 
aspheric surface by the side of an image in the configuration of invention of the above 1 7th rather than the group as which the 
design in said 4th step was specified in said 1st step, or its group. 

[0026] The eccentric-error sensibility reduction design approach of the 22nd invention is characterized by being addition of the 
lens by the side of a body in the configuration of invention of the above 1 7th rather than the group as which the design in said 
5th step was specified in said 1 st step. 

[0027] The eccentric-error sensibility reduction design approach of the 23rd invention is characterized by being addition of the 
aspheric surface by the side of a body in the configuration of invention of the above 17th rather than the group as which the 
design in said 5th step was specified in said 1st step. 

[0028] The eccentric-error sensibility reduction design approach of the 24th invention is characterized by performing a design in 
the 4th step and said 5th step, without changing power arrangement of the whole system in the configuration of invention of the 
above 17th. 
[0029] 

[Embodiment of the Invention] Hereafter, the optical system which carried out this invention, its manufacture approach, and the 
eccentric- error sensibility reduction design approach are explained, referring to a drawing. First, the property of the eccentric 
aberration seen from the derivation and the aberration coefficient of eccentric aberration by the aberration coefficient is 
explained. 

[0030] Derivation>> of the eccentric aberration by «aberration coefficient If location gap is caused perpendicularly or a part of 
optical system (for example, a field, a lens, a lens group) inclines to it to an optical axis, optical-character ability will deteriorate 
with the eccentricity (namely, when eccentric errors, such as parallel eccentricity and inclination eccentricity, occur). This is 
because eccentric aberration occurs in optical system with eccentricity. The error sensibility of this eccentric aberration 
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becomes one factor which makes manufacture of optical system difficult The main things are piece dotage aberration and shaft 
top comatic aberration in eccentric aberration. 

[0031] "Piece dotage aberration" is the phenomenon in which the image surface becomes unsymmetrical about an optical axis. 
That is. when eccentricity occurs, it is the phenomenon in which a forward field angle differs in an image surface location from a 
negative field angle. Piece dotage aberration is usually estimated by the average of the difference in the paraxial image surface 
location of the chief ray of the field angle of about 70 percent of a screen vertical angle. On the other hand, "shaft top comatic 
aberration" is the phenomenon in which the axial Uemitsu bundle becomes unsymmetrical about a chief ray. According to the 
optical system which should be the symmetry of revolution, the point on a shaft also usually serves as the symmetry of 
revolution. However, if eccentricity occurs in a part of optical system, symmetric property will collapse and the image engine 
performance will deteriorate greatly. Shaft top comatic aberration is usually estimated by the difference of the beam-ofHight 
location average of the top ZONARU beam of light (Upper) on the shaft of about 70 percent of the path of a shaft top effective 
diameter, and a bottom ZONARU beam of light (Lower), and a shaft top chief ray location. The aberration of the optical system 
to which eccentricity exists in below is examined, and the two above-mentioned eccentric aberration is derived using an 
aberration coefficient. 

[0032] <3rd aberration expansion of the optical system in which eccentricity exists> The relation of a basic optical system and 
coordinate is shown in drawing,! . In drawing 1 (A) and (B). OS is a refractive index [ in / IS / a body fiat surface and / an image 
plane and PS1 an exit pupil side, a refractive index / in / SF / an image side principal plane (H': image side principal point) and / 
2 / body side principal plane (H: body side principal point) and / HS/ 1 / HS/ front-face / of optical system /. and SR. and / in 
N / object space /. and N\ and / in PS2 / image space ]. [ an entrance pupil side ] [ rear face of optical system ] 
[0033] The X-axis is set as this by using the optical axis of optical system in case eccentricity does not exist as a reference axis 
AX. and a Y-axis and the Z-axis are taken at right angles to this. And the coordinate of the probe index of the beam of light on 
(Y. Z). and the entrance pupil side PS 1 is made into (Y*. Z*) for the coordinate of the object point OP, and ""' is attached and 
expressed to the coordinate of the image space corresponding to these. However, in developing the transverse aberration of the 
beam of light on an image plane IS to the 3rd BEKI series, a definition is given, using the following polar coordinate as a 
coordinate of the object point OP and the probe index of the beam of light on the entrance pupil side PS 1. 

tanomega-cosphiomega**Y/g$ — (1A) tanomega-sinphiomega**Z/g$ — (1B) R-cosphiR**(g$/g) -Y* — (2A) R-sinphiR**(g$/g) 
-Z* — (2B) [0034] As drawing ] shows, the straight lines to which g and g$ connects the distance from the entrance pupil side 
PS 1 and the body side principal plane HS1 to the body flat surface OS, and omega connects the object point OP and the body 
side principal point H. respectively are a reference axis AX and the angle to make, and phiR is the AJIMUSU angle in the 
entrance pupil radius to which phiomega converted the AJIMUSU angle (azimuth) and R on the body side principal plane HS1. " — 
a conversion inclination [ in / in alpha / the object space of a paraxial shaft top MAJINARU beam of light ] since " expresses 
image space and "#" expresses the chief ray outside a shaft a conversion inclination [ in / in alpha# / the object space of the 
chief ray outside a paraxial shaft ]. a conversion inclination [ in / in alpha* / the image space of a paraxial shaft top MAJINARU 
beam of light ]. and 'alpha* # are the conversion inclinations in the image space of the chief ray outside a paraxial shaft 
[0035] If transverse aberration in case eccentricity exists is developed to BEKI series noting that optical system consists of k 
elements. deltaZ' will become transverse aberration deltaY'. and the following formulas (3A) and the form shown in (3B) (beta: 
lateral magnification). The 3rd aberration coefficients corresponding to spherical aberration, comatic aberration, astigmatism, the 
PETTSU bar sum. and distortion aberration are I. II. III. P. and V, respectively, and a characteristic mu is an element number and 
are alpha'= alpha'k and alpha'#=alpha'#k. in addition, the display using a summation symbol sigma shall be performed as shown in 
the following examples (the following — the same .) 
[0036] 

[External Character 1] 
k 



{u =Hk)S 



[0037] 

deltaY'**Y'-beta-Y = -[l/(2andalpha')], {(N-tanomega) 3 and cosphiomega (mu=1->k), sigmaVmu + R. 2, [2. cos(phi R-phi omega), 
cosphiomega, and(mu=l->k) sigmalllmu + cosphiRand(mu=1->k) sigma(IIImicro+Pmu)] + R2-(N-tanomega) - [2 and cosphiR-cos 
(phi R-phi omega) +cosphiomega] -(mu=1->k) sigmallmu + R3. cosphiR, and(mu=1->k) sigmalmu] + {Addition term by eccentricity 
(Y component)} — (3A) deltaZ'**Z'-beta-Z = -[l/(2andalpha')], {(N-tanomega) 3 and sinphiomega (mu=1->k), sigmaVmu + R. 2. 
[2, cos(phi R-phi omega), sinphiomega. and(mu=1->k) sigmalllmu + sinphiRand(mu=1 ->k) sigma(IIImicro+Pmu)] + R2-(N- 
tanomega) - [2 and sinphiR-cos (phi R-phi omega) +sinphiomega] -(mu=1->k) sigmallmu +R3. sinphiR, and(mu=1->k) sigmalmu) + 
{the addition term (Z component) by eccentricity] — (3B) 

[0038] these formulas (3A) and (3B) — setting — 0 of the beginning of the right-hand side — inside is a term showing the 
aberration of optical-system original in case eccentricity does not exist, and if eccentricity exists, it will become the form where 
the aberration term generated with eccentricity joins it. "Inclination eccentricity" which inclines [ as opposed to / when the 
element (you may be the multicomputer system which consists of two or more pages even if it is a single side.) of the arbitration 
in optical system carries out eccentricity / in the eccentricity / the reference axis AX of optical system ] to the "parallel 
eccentricity" which carries out a parallel displacement in the perpendicular direction, and a reference axis AX. and ****** Each 
of those effects is expressed as an addition term of the above-mentioned formula (3A) and the right-hand-side last of (3B). 
[0039] <Derivation of an parallel eccentricity aberration coefficient Drawing 2 (A) shows the condition that element (it is called 

** nu element" below and optical axis of ** nu element is expressed with AXnu.) Dnu of eye nu watch of the arbitration in 
optical system carried out parallel eccentricity only of minute amount Enu in the perpendicular direction of Y to the reference 
axis AX of optical system. The addition terms delta Y (Enu) and delta Z (Enu) of the aberration coefficient by this parallel 
eccentricity are expressed with the following formulas (4A) and (4B). 

delta Y(Enu) =-[Enu/(2 and alpha'k)] -{(deltaE) nu + N-tanomega2- [(2+cos2phiomega) -(VE1) nu-(VE2) nu] + 2andR-(N- 
tanomega) -[(2 and cos(phi R-phi omega)+cos (phi R+phi omega)) and(IIIE)nu + CosphiR-cosphiomega- (PE) nu] + R2- 
(2+cos2phiR) -(IIE)nu) — (4A) deltaZ(Enu) =-[Enu/(2 and alpha'k)]. {(N-tanomega) 2. sin2phiomega, and (VE1) nu + 2andR-(N- 
tanomega) - [sin(phi R+phi omega), (IIIE)nu +sinphiR-cosphiomega. and (PE) nu] +R2andsin2phiR-(IIE) nu] — (4B) [0040] 
However, an eccentric aberration coefficient is defined by the following formula (4C) - (4H). 

(deltaE) nu=-2- (alpha'nu-alphanu) — (4C) (VE1) nu= {[alpha'nu (micro=nu+1->k) and sigmaVmu]-[alphanu and (micro=nu->k) 
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sigmaVmu]) - {[alpha '#nu-(micro=nu+1->k) sigmaIHmu]-[alpha#nu and (micro=nu->k) sigmafflmul) 
~ (4D) 

(VE2) nu=[alpha*#nu (micro=nu+1->k) and sigmaPmu]- [a!pha#nu (micro=nu->k) and sigmaPmu] — (4E) (DIE) nu= {alpha'nu. 
[sigmafflmu]-[alphanu. and (micro=nu->k) sigmafflmu]) - {[alpha*#nu-(micro=nu+1->k) sigmaIImuHalpha#nu and (micro=nu->k) 
sigmallmu]} — (4F) (PE) nu=[a!pha'nu (micro=nu+1 ->k) and sigmaPmu]- [alphanu (micro=nu->k) and sigmaPmu] — (4G) (HE) nu= 
{alpha'nu, [sigmallmu]-[alphanu. and (micro=nu->k) sigmallmu]} - {[alpha *#nu (micro=nu+1 ->k) and sigmalmu]-[alpha#nu and 
(micro=nu->k) sigmalmu]) — (4H) [0041] The above-mentioned formula (4C) - (4H) eccentricity aberration coefficient expresses 
the effect by eccentricity, and serves to pay the defect of the image formation of the following contents by proxy, respectively. 
Moreover, since eccentricity Enu starts the whole right-hand side so that a formula (4A) and (4B) may show, the amount of the 
aberration generated with eccentricity is proportional to Enu. 
nu: (deltaE) Prism operation (strike slip of an image). 
(VE1) nu and nu(VE2):rotation — unsymmetrical distortion. 

(HIE) nu and (PE) nurrotation — the inclination of unsymmetrical astigmatism and the image surface. 
(HE) the rotation which appears also on nurshaft — unsymmetrical comatic aberration. 

[0042] Although - (4H) shows the case where only formula (4A) and ** nu element Dnu carries out parallel eccentricity If this ** 
nu element Dnu consists of a single side, when two or more field i-j carries out parallel eccentricity, (that is. when the lens group 
which carries out eccentricity consists of the i-th page to the j-th page) Since eccentricity Ei-£j of each field i-j which carries 
out eccentricity is equal, as formula:(deftaE) i-j=(nu=i->j) sigma [-2- (alpha'nu-alphanu)] shows, an aberration coefficient can be 
treated as the sum. And formula:(deltaE) i-j=-2- (alpha j-alphai) is obtained from alpha'nu=alpha nu+1. 

[0043] About other aberration coefficients, the term in the middle of sigma disappears similarly. With PE (PE) i-j=(nu=i->j) sigma 
[alphanuand(micro=nu+1->k) sigmaPmu-alphanu (micro=nu->k), and sigmaPmu] = Alpha jand(micro=j+1 ->k) sigmaPmu-alphai 
(micro=i->k), sigmaPmu = alpha j-alpha R-alphaiand [ i. sigmaPmu-alpha i. and (micro=i->j) sigmaPmu =(alpha j-alphai) -(P) ] 
(P) D — the lens group (it is also called "an eccentric group" below.) carried out (P) R=(micro=j+1->k) sigmaPmueccentricity 
here The sum of the aberration coefficient P of the group (henceforth "******") which consists of all the lens sides located in 
an image side. (P) D=(micro=i->j) sigmaPmu : It is the sum of the aberration coefficient P of an eccentric group. Therefore, sigma 
of an eccentric aberration coefficient is expressed by sum {()R of the aberration coefficient of ******. It is expressed as} by sum 
{()D of the aberration coefficient of an eccentric group, it can come out and,}, can express. 

[0044] [Piece dotage aberration], next piece dotage aberration are explained, meridional ** of a formula (4A) and (4B) to 
astigmatism, and [primary term of R phiR=0 of deltaY'] — xg'$k — it is — sagittal one — [Primary term of R phi R=pi of deltaZ* / 
2] — it is xg'$k. Therefore, the meridional piece dotage deltaMnu is expressed with the following formulas (5A). Here, a formula 
(5B) is obtained from alpha'k=N'k/g'$k and phiomega=0. 

deltaMnu=-[E nu-g*$k/ ] and2- (2 and alpha'k) (N-tanomega) - [(2 and cos(phiomega)+cos (phiomega)) -(IIIE)nu+cos(phiomega) 
and (PE) nu] — (5A) deltaMnu=- Enu-(g'$k2-/N'k) -(N-tanomega) - [3and(HIE) nu-KPE) nu] — (5B) [0045] Since it is g '$k- 
>floor line (floor line: focal distance of the whole system) and N-tan omega=Y' / floor line (V: image quantity) when the object 
point OP is made into infinite distance, the formula (5C) showing meridional piece dotage delta M"nu is obtained. Similarly, the 
formula (5D) showing sagittal piece dotage delta S"nu is obtained. 

delta M"nu = -E nu-fioor line-Y '3and(IIIE) -[nu-KPE) nu] — (5C) delta S"nu =-E nu-fioor line-Y' - [(HIE) nu+(PE) nu] — (5D) 
[0046] Although the above is the case where a ** nu side carries out eccentricity, when a lens group (it consists of the i-th page 
at the j-th page) carries out eccentricity, sigma is taken, and the formula (5E) showing meridional piece dotage (deltaM") i-j and 
sagittal piece dotage (deltaS") i-j and (5F) are obtained. Here, eccentricity is set to E. 

(deltaM") i-p-E-floor line-Y'3and(IIIE) -[i-j-KPE) i-j] — (5E) (deltaS") i-j=-E-floor line-Y' - [(HIE) i-j+(PE) i-j] — (5F) It corrects. 
The eccentric aberration coefficient of a block (lens group) is expressed with the following formulas (5G) and (5H) about 
meridional one and sagittal each. 

3and (II) 3. and(III) 3, [R+(P) R]-alphai and [D+(P) D]- (alpha'# j-alpha#i) -[R]+ alpha#i - (HIE) (alpha j-alphai) [3and (II) D] — (5G) 
[(HIE) — i-j — + — (— PE — ) — i-j — ] — = (alpha j-alphai) - [(HI) — R — + — ( — P — ) — R — ] - alpha — i - [(HI) — D — 
+ ~ (— P ~) — D —] - (alpha # j-alpha#i) - [ — ( — II — ) — R — ] — + — alpha#i - [— (— H — ) — D — ] — [— 5H) — 
0047] [Shaft top comatic aberration], next shaft top comatic aberration are explained. Shaft top comatic aberration is the 
average of the difference of axial Uemitsu's Upper, and the chief ray location of Lower, as mentioned above, therefore — from 
the coma (deltaYL) nu of the coma (deltaYU) nu and Lower of Upper by eccentricity — {(6A) — ) (6B) and shaft top comatic- 
aberration (AXCM) nu shown in a formula (6C) are drawn. 

nu= (deltaYU) (deltaY) omega= 0. (phiR=0)- (deltaY) =-[Enu/(2 and alpha'k)] -R2. 3. and (HE) nu (omega= 0, R= 0) — (6A) 
(deltaYL) — nu — =(deltaY) (omega= 0. phi R=pi)-(deltaY) (omega= 0, R= 0) =-[Enu/(2 and alpha'k)] -R2. 3. and (HE) nu — (6B) 
(AXCM) nu= [(deltaYU) nu+(deltaYL) nu] /2=-[Enu/(2 and alpha'k)] -R2. 3. and (HE) nu — (6C) [0048] It will be set to 1 -/alpha'k 
->-floor line if the object point is made into infinite distance, moreover, the relation between R and FNO (f number of the whole 
system) is expressed with formula:R=[floor line/(2. FNO)] xkappa (here — it is — kapparpupil split ratio — it is usually 0.7.). 
Therefore, shaft top comatic-aberration (AXCM") nu is expressed with a formula (6D). 

(AXCM") Nu=Enu-(3. kappa2. and floor line3)/(8. FN02) and(IIE)nu — (6D) [0049] Although the above is the case where a ** nu 
side carries out eccentricity, when a lens group (it consists of the i-th page at the j-th page) carries out eccentricity, sigma is 
taken, and a formula (6E) is obtained. However, the eccentric aberration coefficient of a block is expressed with a formula (6F). 
(AXCM") i-j=E-[(3, kappa2. and floor line3)/(8. FN02)] and (HE) i-j — (6E) (HE) -(II) R-alpha i and (II) D-(alpha'# j-alpha#i) -(I) 
R+alpha#i and [ i-j=(alpha j-alphai) ] (I) D — (6F) [0050] derivation of an inclination eccentricity aberration coefficient As for 
drawing 2 (B), only include-angle epsilonnu shows [ ** nu element Dnu ] the condition of having inclined, focusing on Point C to 
the reference axis AX of optical system. The addition terms delta Y (epsilonnu) and delta Z (epsilonnu) of the aberration 
coefficient by this inclination eccentricity are expressed with the following formulas (7A) and (7B). In addition, the entrance pupil 
side PS 1 of ** nu element D[ from Point C ] nu. the body side OS; distance to the exit pupil side PS 2 corresponding to them 
and the image surface IS is made into pnu. q nu;p'nu. and q'nu. respectively. 

delta Y(epsilonnu) =-[epsilonnu/(2 and alpha'k)] -{(deltaepsilon) nu + N-tanomega2- [(2+cos2phiomega) -(Vepsilonl) nu- 
(Vepsilon2) nu] + 2andR-(N-tanomega) -[(2 and cos(phi R-phi omega)+cos (phi R+phi omega)) -(HIepsilon) nu + CosphiR- 
cosphiomegaand(Pepsilon) nu] + R2-(2+cos2phiR) -(Hepsilon) nu) — (7A) deltaZ(epsilonnu) =-[epsilonnu/(2 and alpha'k)]. {(N- 
tanomega) 2. sin2phiomega, and (Vepsilonl) nu + 2andR-(N-tanomega) - [sin(phi R+phi omega), nu +sinphiR-cosphiomega, and 
(Pepsilon) nu] +R2andsin2phiR-(IIepsilon) nu} — (7B) [0051] However, an eccentric aberration coefficient is defined by the 
following formula (7C) - (7H). 
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(deltaepsiion) nu=-2- (alpha nu-q*nu-alphanu-qnu) — (7C) (Vepsiionl ) nu= {[alpha'nu-qnu (micro=nu+1->k) and sigmaVmuJ- 
[alpha nu-q nu and (micro=nu->k) sigmaVmu]} - {alpha'#nu-p'nu. [sigmalllmu]-[alpha#nu-p nu, and (micro=nu->k) sigmalllmu]) + 
[(alpha*# nu/N'nu) - (alpha#nu/Nnu)] — (7D) 0 Vepsilon2nu={[alpha'#nu-p*nu- sigmaPmu]-[alpha#nu-p nu- (Micro=nu+1->k) 
(Micro=nu->k) sigmaPmu]} + [(alpha'# nu/N'nu) - (alpha#nu/Nnu)] — (7E) (Illepsilon) nu= {alpha nu-q Vmand(micro=nu+1->k) 
[sigmalllmu]-[alpha nu-q nu and (micro=nu->k) sigmalllmu]] - {alpha'#nu-p'nu. [sigma Umu]-[alpha#nu-p nu. and (micro=nu->k) 
sigmallmu]} — (7F) nu=([alpha'nu-q'nu- (Pepsilon) sigmaPmu]-[alpha nu-q nu- (Micro=nu+1 ->k) (Micro=nu->k) sigmaPmu]] + 
[(alpha'nu/N'nu) - (alphanu/Nnu)] — (7G) (Ilepsilon) nu= {alphanu-q *nuand(micro=nu+1->k) [sigmallmu]-[alpha nu-q nu and 
(micro=nu->k) sigmallmu]) - {[alpha'# nu-p'nu (micro=nu+1 ->k) and sigmalmu]-[alpha#nu-p nu and (micro=nu->k) sigmalmu]) — 
(7H) [0052] Also in inclination eccentricity, the case where sigma is taken as well as the case of parallel eccentricity is 
considered. When the lens group which carries out eccentricity is made into the j-th page from the i-th page, for example in 
Pepsilon (Pepsilon) i-j=(nu=i->j) sigma {alpha'nu-q'nu, sigmaPmu-alphanu-qnu. and(micro=nu->k) sigmaPmu]* [(alpha'nu/N'nu) - 
(alphanu/Nnu)]) = Alphaj-qj. sigmaPmu-alphai-qi. and(micro=i->k) sigmaPmu+(nu=i->j) sigma [(alpha'nu/N'nu) - (alphanu/Nnu)] = 
Alpha j-q'j-alphai-qi. sigmaPmu-alphai-qi. and(micro=i->j) sigmaPmu+ [(alpha j/Nj) - (alphai/nickel)] = alpha j-q j-alpha i-qi, (P) 
R-alpha i-qi. and (P) D+ [(alpha j/N'j) - (alphai/nickel)] — here — the sum of the aberration coefficient P of (P) R=(micro=j+1 - 
>k) sigmaPmu:******, and (P) D=(micro=i->j) sigmaPmu : It is the sum of the aberration coefficient P of an eccentric group, 
therefore, sigma of an eccentric aberration coefficient can be come out of and expressed as the sum of the aberration 
coefficient of ******, the sum of the aberration coefficient of an eccentric group, and a constant term 
[0053] When piece dotage aberration of [piece dotage aberration] is performed like the case of parallel eccentricity, it is 
expressed with the formula (8A) and (8B) showing meridional piece dotage (deltaM") i-j and sagittal piece dotage (deltaS") i-j. 
Here, eccentricity is set to epsilon. 

(deltaM") i-j= [ — (8B). however the eccentric aberration coefficient of a block are expressed with the following formulas (8C) 
and (8D) about meridional one and sagittal each. ] - Epsilon-floor line-Y'- [3 and (Illepsilon) i-j-KPepsilon) i-j] — (8A) (deltaS") i- 
j= - Epsilon-floor line-Y'- [(Illepsilon) i-j+(Pepsilon) i-j] 

[3- i-j+ (Illepsilon) i-j]= (Pepsilon) -[3- (Alpha j-q j-alpha i-qi) (III) 3and (II) R+ alpha#i-pi [ 3and(III) (P) R]-alphai-qi[D+(P) D]- 
(alpha'# j-pj-alpha#i-pi) -[R]+ ] [3and (II) D] + [(alpha j/N'j) - (alphai/nickel)] — (8C) — [ i-j+ (Illepsilon) (Pepsilon) i-j — ] — = 
(alpha j-q'j-alpha i-qi) - [(III) R — + — ( — P — ) — R — ] - alpha — i-qi — [(in) — D — + — ( — P — ) — D — ] - (alpha'# j- 
p'j-alpha#i-pi) - [— (— II ) R ] + alpha#i-pi — [— (— II — ) — D — ] — + — [— (alpha j/Nj) - (alphai/nickel) — ] 
— (8D) [0054] When a [shaft top comatic-aberration] shaft top coma as well as the case of parallel eccentricity is performed, a 
formula (9A) comes to show it. However, the eccentric aberration coefficient of a block is expressed with a formula (9B). 
(AXCM") I-j=epsilon -[(3. kappa2, and floor ltne3)/(8. FN02)] and (HE) i-j — (9A) (Ilepsilon) -(II) R-alpha i-qi and (II) D-(alpha'# j- 
pj-alpha#i-pi) -(I) R+alpha#i-pi and [ i-j=(alpha j-qj-alpha i-qi) ] (I) D — (9B) [0055] Property» of the eccentric aberration seen 
from «aberration coefficient Although eccentric aberration is expressed with the 3rd aberration coefficient as mentioned above, 
the relation of the inclination of aberration degradation and aberration coefficient which are known from there is explained below. 
[0056] <Eccentric aberration and spec> Generally eccentric aberration can be expressed with the following formulas (10A) from 
"derivation of the eccentric aberration by the aberration coefficient" mentioned above. 
[Eccentric aberration] = [eccentricity] xfterm of spec] x [an eccentric aberration coefficient] — (10A) 

[0057] Therefore, he can understand the sensitivity to eccentric aberration to some extent from spec, so that it may mention to 
following ** and **. 

** Since piece dotage aberration becomes large in proportion to a focal distance and image quantity, it is not avoided with a 
telephoto lens with a big focal distance. Again. Since the image quantity which evaluates piece dotage aberration by the lens 
shutter camera and the single-lens reflex camera is different, with the same focal distance, sensitivity [ as opposed to eccentric 
aberration in the direction of a single-lens reflex camera ] becomes large. 

** Shaft top comatic aberration is proportional to the cube of a focal distance, and in inverse proportion to the square of the f 
number (FNO). therefore, like a single-lens reflex camera, by the zoom, since shaft top comatic aberration is [ the f number ] 
proportional to the cube of a focal distance by the thing of about 1 law, if a focal distance is extended, the sensitivity to 
eccentric aberration will become large rapidly. Again. Like the zoom lens for lens shutter cameras, the f number becomes large 
greatly in proportion to a focal distance according to a focal distance. By the latest high scale-factor zoom for lens shutter 
cameras, since the f number does not change like a focal distance, if it is that a distant view is overlooked, the sensitivity to 
eccentric aberration will become large suddenly. 

[0058] <Property of parallel eccentricity aberration> Generally an parallel eccentricity aberration coefficient can be expressed 
like the following formulas (1 1 A). 

(Eccentric aberration coefficient) i-j=(alphaj-alphai) -(sum of aberration coefficient 1) R -alphai. and (sum of an aberration 
coefficient 1) D -(alpha'# j-alpha#i) -(sum of aberration coefficient 2) R + alpha#i, and (sum of an aberration coefficient 2) D — 
(1 1A) [0059] In a formula (1 1A), although the 1st term and the 2nd term are (the sums of an aberration coefficient 2). (the sum of 
an aberration coefficient 1), the 3rd term, and the 4th term Specifically (in the case of piece dotage aberration) — (aberration 
coefficient 1) = [astigmatism multiplier (III)] + [the PETTSU bar sum (P)] (aberration coefficient 2) =[comatic-aberration multiplier 
(II)] (in case of shaft top comatic aberration) — (aberration coefficient 1 ) = [comatic-aberration multiplier (II)] (aberration 
coefficient 2) It is = [a spherical-aberration multiplier (I)]. 

[0060] As mentioned above, the eccentric aberration coefficient {a formula (1 1 A)) consists of the 4th term. Each term is 
explained below. 

The [1st term] — The MAJINARU beam of light on a shaft is however bent by the eccentric group, or the multiplier (alpha j- 
alphai) of the 1 st term expresses the power of an eccentric group. When an eccentric group is in a body side most especially, it 
is the power itself, and it is not so so large as - square grade of 10 in order. 

The [2nd term] — Murtipiier-alphai of the 2nd term is the include angle of axial Uemitsu's MAJINARU beam of light which carries 
out incidence to an eccentric group. Therefore, a value is not so large. Generally it is so small that an eccentric group is in a 
body side, and when it is in a body side most especially, it is the description that this term does not contribute at all. 
The [3rd term] — Multiplier - (alpha'# j-alpha#i) of the 3rd term is so large that the deflection condition of the chief ray in an 
eccentric group is expressed and an eccentric group generally separates from a diaphragm. Order is about the 10-1 - 1st power. 
The [4th term] — Multiplier alpha#i of the 4th term is the include angle of the chief ray which carries out incidence to an 
eccentric group, and initial value is -1. A value also seldom changes but is to about -five at most. 

[0061] the relation of the magnitude of (an aberration coefficient 1) and a (an aberration coefficient 2) — the direction of (an 
aberration coefficient 1) — (an aberration coefficient 2) — receiving — 1 - square extent of 10 — it is large. Moreover, as 
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compared with (an aberration coefficient 1). it is easy to change (an aberration coefficient 2). If the above thing is taken into 
consideration, the 4th term has a value big general always. Effect becomes large by the location of a diaphragm, or the power of 
an eccentric group, or other terms become small. Therefore, it is desirable to minimum-ize the 4th term in the usual optical 
system. However, it may be desirable to minimum-ize other terms according to the configuration of optical system. 
[0062] <Property of inclination eccentricity aberration> Generally an inclination eccentricity aberration coefficient can be 
expressed like the following formulas (12A). 

i-j=(alphaj-q'j-alpha i-qi) -{sum of aberration coefficient 1) R (Eccentric aberration coefficient) - alphai-qi. and (sum of an 
aberration coefficient 1) D - alpha'#j-p*j-a!pha#i-pi. and(sum of an aberration coefficient 2) R + alpha#i-pi. and (sum of an 

aberration coefficient 2) D + [(alpha j/N'j) - (alphai/nickel)] « a constant term — the case of piece dotage) [ — (12A) — 

0063] Since the entrance pupil location p from the object distance q and the center of rotation C from the center of rotation C is 
contained in it an inclination eccentricity aberration coefficient has complicated count as [ this ]. Then, the center of rotation C 
is made into the plane peak point of the body side face of an eccentric group, and supposing eccentric group order is air, it can 
replace as follows. 

Alpha j-qj=alphaj-sj+alphaj-TD=hj+alphaj-TD — (12B) alphai-qi=hi — (12C) alpha '# j-p j=h#j+alpha* #j-TD — (12D) Alpha#i- 
pi=h#i — (12E). however hi : Height of the paraxial shaft top MAJINARU beam of light in the i-th page. h#i : the height of the 
chief ray outside a paraxial shaft in the i-th page, hj : The height of the paraxial shaft top MAJINARU beam of light in the j-th 
page. h#j : The height of the chief ray outside a paraxial shaft in the j-th page. TD : It is the heart thickness (namely, axial top- 
face spacing from the i-th page to the j-th page) of an eccentric group. 

[0064] If a formula (8C) and the inclination eccentricity aberration coefficient of; (8D) (9B) are expressed once again using upper 
type (12B) - (12E). it will become like a degree type (12F) and; (12G) (12H). 

(Meridional piece dotage aberration) [3 and (Illepsilon) i-j-KPepsilon) i-j] =(hj-hi+alpha j-TD) - [3and(III) R+<P) R] - hi- [3and(HD 
DHP) D] - H#j-h#i+alpha'#j-TD- [3and (II) R] + h#i- [3and (II) D] + Alpha j-alphai — (12F) (sagittal piece dotage aberration) 
[(Illepsilon) i-j-KPepsilon) i-j] =(hj-hi+alpha j-TD) - [(III) R-KP) R] - hi- [(III) D-KP) D] -(h#j-h#i+alpha'#j-TD) - [(II) R] +h#i- [(II) 
D] + Alpha j-alphai — (12G) (shaft top comatic aberration) i-j=(hj-hi+alphaj-TD)and(II)R (Ilepsilon) -hi(H) D -(h#j-h#i+alpha , #j- 
TD) - (I) R +h#iand (I) D — (12H) [0065] After all. generally an inclination eccentricity aberration coefficient can be expressed 
like the following formulas (13A). However, eccentric group order is air and it is the case where it inclines focusing on the plane 
peak point of an eccentric group. 

i-j=(hj-hi+alphaj-TD). and(sum of an aberration coefficient 1) R (Eccentric aberration coefficient) - hi, and (sum of an aberration 
coefficient 1) D - H#j-h#i+alpha'#j-TD, and(sum of an aberration coefficient 2) R -h#i, and (sum of an aberration coefficient 2) D 

+ (alpha'j-alphai) « a constant term — the case of piece dotage) [ — (13A) — 0066] As mentioned above, the inclination 

eccentricity aberration coefficient consists of the 4th term in shaft top comatic aberration, and consists of the 5th term in piece 
dotage aberration. Each term is explained below. 

The [1st term] — Although change is 0.1 to about three in initial value h1=1, since it seldom changes in a group, about 0.1 and 
the heart thickness TD of hj— hi are five to about 50 in 1-10. and a single-lens reflex camera with a lens shutter camera. Alpha j is 
- square grade of 10. 

The [2nd term] — hi is 0.1 to about three. 

The [3rd term] — Since it can be considered about that h#i is the distance from a diaphragm, it is h#j-h#i**TD. Moreover, the 
initial value of alpha*#j is about the -1 - 1st power of 10 in 1. 

The [4th term] — Since h#i is the distance from a diaphragm about, its change is the largest and it is one to about 50. 

The [5th term] — It is a term only concerning piece dotage aberration, and is the constant term which does not contain the 3rd 

aberration coefficient. A value is - square grade of 10. 

[0067] Moreover, for a spherical-aberration multiplier (I). 1x10-4 and a comatic-aberration multiplier (II) are [ 50x10-4. an 
astigmatism multiplier (III), and the PETTSU bar sum (P) of the relation of the magnitude of an aberration coefficient ] 500x10-4. 
If the above thing is taken into consideration, in piece dotage aberration, the 1 st term, the 2nd term, and the 5th term have a big 
value, and depending on the location of a diaphragm, the 4th term can become very large or can be disregarded. That the 5th 
term especially has a big value means that all aberration coefficients have a value also in 0. Therefore, he can understand the 
difficulty of making low error sensibility of inclination eccentricity and parallel eccentricity both. Moreover, in shaft top comatic 
aberration, although the 3rd term and the 4th term become dominant, the 4th term is extracted and changes with locations a lot. 
As mentioned above, since dominant terms differ with inclination eccentricity and parallel eccentricity, if one aberration 
coefficient is made small, it turns out that both sensibility does not become small. 

[0068] Gestalt» of the desirable operation drawn from the analysis of «eccentricity aberration So that derivation of the 
eccentric aberration mentioned above etc. may show The group which consists of at feast one lens side which poses a 
manufacture top problem since eccentric-error sensibility is relatively large in the optical system of arbitration (it is equivalent to 
said eccentric group, for example, they are a lens group and a lens side.) It receives, and if the design which makes small the 3rd 
aberration coefficient used as the key factor which enlarges eccentric-error sensibility is performed, the error sensibility by the 
eccentricity in the optical system will become small. The optical system concerning this invention, its manufacture approach, and 
the eccentric-error sensibility reduction design approach are made paying attention to this point, and one of the description of 
that is in the characteristic design technique which consists of five phases of explaining below. 

[0069] The <1st step> Since the 1st step has relatively large eccentric-error sensibility, it is characterized by specifying the 
group (henceforth "a specific group") which consists of at least one lens side which poses a manufacture top problem ( drawjng 
3 , #10). Specifically, extent of generating of eccentric aberration when eccentricity (it inclines with parallel eccentricity and is 
eccentricity) actually occurs in each element of the target optical system, a lens block, a lens, and a lens side is investigated 
with ray tracing. The eccentric aberration which should observe then is the "piece dotage aberration" and the "shaft top comatic 
aberration" which were mentioned above. 

[0070] In recent years, in the field of optical system, the design of a zoom lens is performed actively and many improvement in a 
zoom ratio and techniques of a miniaturization are announced. However, generally improvement and a miniaturization of a zoom 
ratio tend to enlarge error sensibility. Although it is necessary to raise manufacture precision if a raise in a scale factor and a 
miniaturization progress, it has not caught up in the present condition. For this reason, although a scale factor and magnitude are 
determined from the limitation of manufacture, since a demand of a commercial scene has the large motion which asks for a high 
scale factor and a small thing, the satisfactory zoom lens is not offered. 

[0071] In the case of a zoom lens, in a zoom block, a certain amount of eccentric-error sensibility is becoming absorbable with 
an alignment technique. However, in the zoom block which moves between zooming, the present condition is being unable to 



http:/ / www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje 



2005/08/1 1 



JP.11-030746.A [DETAILED DESCRIPTION] 



7/19 ^— v 



perform highly precise alignment The characteristic design technique of this invention is suitable for a zoom lens at this point. 
When it applies to a zoom lens, it is desirable still more desirable to make a zoom block into a specific group, and it is good that a 
specific group is biggest zoom group of eccentric-error sensibility. 

[0072] The characteristic design technique concerning this invention does not stop in order to reduce the eccentric-error 
sensibility of only one element of optical system, ft can consider as the configuration which has as small eccentric-error 
sensibility as all the elements of optical system can permit the design technique enough to a manufacture error by repeating and 
using. Therefore, as for the target element in zoom optical system with the small eccentric-error sensibility of a zoom block, it is 
desirable that they are a lens or a lens side. It is because it will become unnecessary to align and will become advantageous on 
manufacture, if the error sensibility in a zoom block can be reduced. 

[0073] When the target optical system is a single focal lens, it is desirable to satisfy the following conditional expression (1). 
fl_/ymax> 3 — (1) however the focal distance of fUwhole system, ymax: It is screen diagonal length. 

[0074] The above-mentioned conditional expression (1) expresses the focal distance of a single focal lens. Error sensibility 
comes to be conspicuous, so that a focal distance becomes large, so that derivation of the eccentric aberration mentioned above 
may show. Therefore, at the optical system of a too much short focal distance, since error sensibility is small from the first 
there is no need for reduction in many cases. 

[0075] The <2nd step> The 2nd step calculates eccentric aberration using the eccentric aberration coefficient of the group 
(specific group) specified in said 1 st step, and is characterized by performing the comparison of the eccentric aberration acquired 
by the count actual eccentric aberration (for example, thing obtained with ray tracing), and ** ( drawing 3 . #20). An eccentric 
aberration coefficient is expressed with primary association of each aberration coefficient (3rd aberration coefficient) so that 
derivation of the eccentric aberration mentioned above may show. In the usual optical system, if the value of the eccentric 
aberration drawn from the eccentric aberration coefficient is compared with the value of the actual eccentric aberration acquired 
by ray tracing, it is very well in agreement He can understand this also from it being well in agreement with aberration with the 
actual aberration calculated from the 3rd aberration coefficient. However, when many aspheric surfaces are in optical system, the 
aberration by which high order aberration may occur excessively and is then calculated from the 3rd aberration coefficient, and 
actual aberration will not be in agreement Since the eccentric aberration drawn from an eccentric aberration coefficient will 
naturally differ in a value greatly from actual eccentric aberration, it becomes difficult to perform an analytical design. 
[0076] When a design analytical as mentioned above is difficult, it is desirable to design so that magnitude of point distribution in 
the eccentric condition may be minimum-ized (that is. when it is judged that the eccentric aberration acquired by count differs 
from actual eccentric aberration greatly) ( drawing 3 , #60). Thus, by designing, eccentric aberration can be suppressed small and 
eccentric -error sensibility can be reduced. The position which carried out eccentricity of the part of eccentric-error sensibility 
to specifically weaken is actually made, it is made an additional position, in addition to the position of a normal state, the weight 
of a design is added also to the added eccentric position, and the design which makes the point in an eccentric condition small is 
performed. If the point became small by enlarging weight of an eccentric condition and the engine performance of a normal state 
could also be held, eccentric-error sensibility is able to be made small. What is necessary is just to look for the possibility of 
eccentric-error sensibility reduction by adding suitably the degree of freedom of the aspheric surface, a zoom solution, a lens, 
etc., when it cannot do. 

[0077] The <3rd step> When it is judged that the eccentric aberration acquired by count which used the eccentric aberration 
coefficient as a result of said comparison in the 2nd step, and the actual eccentric aberration of the step [ 3rd ] acquired by ray 
tracing correspond well, it is characterized by specifying the 3rd aberration coefficient used as the key factor which enlarges 
eccentric-error sensibility ( drawing 3 . #30). Since the 3rd aberration coefficient dominant in an eccentric aberration coefficient 
serves as a key factor which enlarges eccentric-error sensibility, it investigates whether the eccentric aberration of a specific 
group is most influenced of which term of an eccentric aberration coefficient From the value (or eccentric aberration about each 
term) of each term of an eccentric aberration coefficient, the term most dominant in an eccentric aberration coefficient is 
specified. If the term can be specified, specification with which 3rd dominant aberration coefficient can be performed easily. The 
3rd aberration coefficient to specify may be one. or may be two or more. It is common that it is the comatic-aberration multiplier 
(II) of a specific group in the case of piece dotage aberration, and when it is shaft top comatic aberration, as for the 3rd 
aberration coefficient specified, it is common that it is the spherical aberration (I) of a specific group. 

[0078] The <4th step> The 4th step is characterized by performing the design which makes small the 3rd aberration coefficient 
specified in said 3rd step ( drawing 3 , #40). This 4th step is a phase of designing concretely in response to the result of the 3rd- 
step analysis. When the 3rd aberration coefficient specified in the 3rd step is the 3rd aberration coefficient {()D) of the target 
element (specific group), even if it is going to make the 3rd aberration coefficient small in the 4th step, the 3rd aberration 
coefficient with a specific small group cannot be taken. It is desirable to make the 3rd desired aberration coefficient attain by 
adding a degree of freedom to the target element in that case. Addition of a degree of freedom is addition of the aspheric 
surface, and addition of a lens. 

[0079] When the 3rd aberration coefficient specified in the 3rd step is the 3rd aberration coefficient (OR) of the group (******) 
which consists of all the lens sides located in an image side from a specific group, even if it is going to make the 3rd aberration 
coefficient small in the 4th step, the 3rd aberration coefficient with the small ****** cannot be taken. It is desirable in that case 
to make the 3rd desired aberration coefficient attain by adding a degree of freedom to the image side (namely, ******) of a 
specific group. Addition of a degree of freedom is addition of the aspheric surface, and addition of a lens. 

[0080] The <5th step> The 5th step is characterized by performing the design which prepares the aberration balance changed 
with the design in the 4th step so that totality ability may be maintained to the same extent as the condition before said design 
in the 4th step (condition of a dimension) ( drawing 3 . #50). Since the 3rd aberration coefficient of a specific element (a specific 
group and ******) was fluctuated greatly in the 4th step, the 3rd whole aberration coefficient is a big value. Then, it designs so 
that the 3rd whole aberration coefficient may be made small by making it into a design variable except the element used for the 
design in the 4th step. 

[0081] If aberration fluctuation is too large in the 4th step, it may become difficult to make whole aberration comparable as the 
original condition. It is desirable to add a degree of freedom to the body side (for example, lens group located in a body side) of a 
specific group in that case. Addition of a degree of freedom is addition of the aspheric surface, and addition of a lens. Eccentric- 
error sensibility is not influenced by the aberration coefficient of the lens group located in the body side of the target element 
(specific group) at all so that clearly from derivation of the eccentric aberration mentioned above etc. Therefore, even if it applies 
a degree of freedom to the body side of a specific group and fluctuates an aberration coefficient greatly, totality ability can be 
made equivalent to the original condition without effect at the eccentric-error sensibility of a specific group. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran.web_cgi.ejje 



2005/08/1 1 



JP.11-030746.A [DETAILED DESCRIPTION] 



8/19 ^— V 



* 



[0082] Drfference» of the eccentric-error sensibility reduction design concerning «this invention, and the conventional design 
As stated previously, also conventionally, the design may have been performed about error sensibility and a certain amount of 
error sensibility reduction was performed. Weakening error sensibility was to enlarge optical system after all by saying that the 
view makes sensibility small by weakening power of a part with big error sensibility. It is possible to reduce eccentric-error 
sensibility by according to the characteristic design technique concerning this invention, clarifying existence of a solution with 
small eccentric-error sensibility, even if it is the same power by analyzing eccentric-error sensibility from an aberration 
coefficient as mentioned above, and introducing the aspheric surface used in order to raise the engine performance and spec, in 
the former in order to make the absolute value of an eccentric aberration coefficient small. The image Fig. about the difference 
between the characteristic design technique concerning this invention for reducing eccentric-error sensibility to drawing 4 and 
the conventional design technique is shown. 



[Example] Hereafter, construction data, an aberration Fig., etc. are mentioned and the configuration of the zoom lens which 
carried out this invention is explained still more concretely. In the construction data of each example and the example of a 
comparison, ri (i= 1 , 2 and 3. ...) is counted from a body side. The radius of curvature of the i-th field, di (i= 1 . 2 and 3. ...) is 
counted from a body side, shows the i-th axial top-face spacing, counts nickel (i= 1, 2 and 3. ...) and nui (i= 1. 2 and 3. ...) from a 
body side, and shows the refractive index (Nd) and the Abbe number (nud) to d line of the i-th lens. Moreover, axial top-face 
spacing (variable spacing) which changes in zooming is each shaft top spacing between groups in a wide angle edge (short focal 
distance edge) [W] middle (middle focal distance condition) [M] - a tele edge (long focal distance edge) [T] among construction 
data. The focal distance f and the f number FNO of the whole system corresponding to each focal distance condition [W], [M], 
and [T] are shown collectively. 

[0084] It shall be shown that the field where * mark was given to radius of curvature ri is a field which consisted of the aspheric 
surfaces, and it shall define as the following formula (AS) showing the field configuration of the aspheric surface. 
1-Kl-epsilon-Y 2. C2) 1 / X= (C. Y2) / {2}+sigma (Ai-Yi) The inside of — (AS), however a type (AS), and X : the variation rate 
from the datum level of the direction of an optical axis — an amount and Y : an optical axis — receiving — the height of a 
perpendicular direction, and C : paraxial curvature, an epsilonrsecondary curved-surface parameter, and Ai:i — it is the following 
aspheric surface multiplier. 



[0083] 



[0085] 
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WfifflQE • M • IE • IE)» 
f =22. 75—60. 00—155.40 
FN0= 4.60— 5.22— 5.80 

m±mmm mmm itwk 

rl= 80. 507 

dl= 1.500 Nl= 1.83350 vl= 21.00 

r2= 50. 638 

62= 0. 010 N2= 1. 51400 v 2= 42. 83 

r3= 50. 638 

d3= 6.300 N3= 1. 60311 v3= 60.74 

r4= -590.399 

d4= 0.100 

r5= 36.741 

d5= 4.330 N4= 1.49310 v 4= 83.58 

r6= 91.218 

d6= 1. 300—19. 406—33. 552 

r7*= 91. 218 

d7= 1. 300 N5= 1. 76743 v 5= 49. 48 

r8= 11.256 

d8= 4.440 

r9= -33.551 

d9= 1. 000 N6= 1. 75450 v 6= 51. 57 

rl0= 45.126 

dl0= 0.100 

rll= 22.081 

dll= 2.780 N7= 1.83350 v7= 21.00 

rl2= -81.335 

dl2= 1.290 

rl3= -26.837 

d!3= 1. 000 N8= 1. 75450 v 8= 51. 57 

rl4= 267.900 

dl4=14. 735—7. 506—1. 200 
rl5= ooOROA) 

dl5= 0.720 

rl6= 19. 552 

dl6= 3.700 N9= 1.51823 v9= 58.% 

rl7= -70.651 

dl7= 0. 100 

rl8= 20.750 

dl8= 4. 000 N10=l. 48749 v 10=70. 44 

rl9= -30.525 

dl9= 1.350 

r20= -19.354 

d20= 1.000 Nll= 1.84666 v 11=23. 82 

r21= 266.334 
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621= 4. 800—1. 900—0. 700 

r22= 25.488 

d22= 4.240 K12= 1.51742 v 12=52. 15 

r23= -18.130 

d23= 1.600 

r24*= -31. 725 

d24= 1.400 N13=l. 76743 v 13=49. 48 

r25*= 29. 200 

d25= 1.250 

r26= 30.049 

d26= 2. 150 N14=l. 67339 v 14=29. 25 

r27= 220.193 

[0086] [Page [ 7th ] (r7) aspheric surface data] epsilon= 1.0000 A4=-0.7 1639468x1 0-6 A6= 0.52909389x1 0-7A8=-0. 154442 12x10- 
8A10= 0.14666388x10-l0A12=-0.50346363x10-l3[0087] [Page [ 24th ] (r24) aspheric surface data] epsilon= 1.0000 A4=- 
0.1 266231 8x10-4A6=-0.1 8371 721x10-5A8= 0.64823035x1 0-7A1Q=-0.1 6739676x1 0-8A1 2= 0.1 5325296x1 0-1 0[0088] [Page 
[ 25th ] (r25) aspheric surface data] epsiion= 1.0000 A4= 0.80098384x1 0-4A6=-0.1 4551 791x1 0-5A8= 0.5408451 3x1 0-7A10=- 
0. 1 26 1 2528x 1 0-8A 1 2= 0. 1 0743852x 1 0- 1 0[0089] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2005/08/1 1 



JP.1 1-030746,A [DETAILED DESCRIPTION] 1 1/19 s<— ^ 



©OtWl-OE-ft - iE-iE)> 
f =22. 75—60.00—155.47 
FN0= 4.60— 5.22— 5.80 

rl= 67. 212 

dl= 0. 850 Nl= 1. 83350 v 1= 21. 00 

r2= 46.411 

62= 0. 010 N2= 1. 51400 v 2= 42. 83 

r3= 46.411 

d3= 5. 611 N3= 1. 60311 v 3= 60. 74 

r4=-1533. 625 

d4= 0.100 

r5= 37.479 

d5= 3.192 N4= 1.49310 v4= 83.58 

r6= 80.254 

d6= 1. 300—18. 806—33. 718 

r7*= 55. 942 

d7= 1. 885 N5= 1. 76743 v 5= 49. 48 

r8= 11.445 

d8= 5. 063 

r9= -23.786 

d9= 0.850 N6= 1.75450 v6= 51.57 

rl0= 76.080 

d!0= 0.100 

rll= 30. 979 

dll= 2.383 N7= 1.83350 v 7= 21.00 

rl2= -51.984 

dl2= 3.062 

rl3= -14.519 

dl3= 0.850 N8= 1.75450 v 8= 51.57 

rl4= -33.010 

dl4=15. 174—7. 640—1. 200 
rl5= 00GKOA) 

dl5= 0.100 

rl6= 18. 695 

d!6= 3.912 1*9=1.51823 v 9= 58.96 

rl7= -76.828 

dl7= 0.117 

rl8= 17.787 

dl8= 5.364 N10=l. 48749 v 10=70. 44 

rl9=-191. 752 

dl9= 0.100 

r20=-1380.472 

d20= 1.305 Nll=l. 84666 v 11=23. 82 

r21*= 22.105 
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d21= 4. 450—0. 372—0. 700 

r22= 13.823 

d22= 2. 946 N12=l. 51742 v 12=52. 15 

r23= -38.168 

d23= 0. 100 

r24*=203. 761 

d24= 0.850 N13=l. 76743 v 13=49. 48 

r25*= 15.784 

d25= 5.907 

r26= 41.896 

d26= 1.417 N14= 1.67339 v 14=29. 25 

r27= 183.628 

[0090] [Page [ 7th ] (r7) aspheric surface data] epsilon= 1.0000 A4= 0.1 3382026x1 0-4A6= 0.9851 9488x1 0-7 A8=-0.20533289x 10- 
8A10= 0.14078856x10-1OA12=-O.28051717x1O-13[0091] [Page [ 21st ] (r21) aspheric surface data] epsilon= 1.0000 A4= 
0.56033831 x10-4A6= 0.20859596x1 0-6 A8=-0.8943581 9x 1 0-9A10=-0.32902 126x1 0-1 OA 1 2= 0.14244659x10-1 1 [0092] [Page 
[ 24th ] (r24) aspheric surface data] epsilon= 1.0000 A4= 0.24244833x1 0-5A6=-0.1 8608783x1 0-5A8= 0.65868793x1O-7A1 0=- 
0.15356660x10-8A12= 0.1 5529677x1 0-1 0[0093] [Page [ 25th ] (r25) aspheric surface data] epsilon= 1.0000 A4= 0.52954566x10- 
4A6=-0.1 5597732x1 0-5A8= 0.56109687x10-7Al0=-0.13012153x10-8A12= 0.1 3945660x1 0-1 0[0094] 
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mmm2 CE • fk * IE • iE » IE>» 
f =22. 50—68.20—215. 01 
FN0= 4.10— 5.20— 5.80 

wm^m [«i±MraH] mmm t7v*m 

rl= 83.031 

dl= 0.900 Nl= 1.80518 vl= 25.43 

r2= 58. 244 

d2= 8.632 N2= 1.49310 v2= 83.58 

r3= -578.162 

d3= 0.100 

r4= 50.487 

d4= 5.067 K3= 1.49310 v3= 83.58 

r5= 130.665 

d5= 1. 500—27. 727—47. 883 

r6= 54. 141 

d6= 0.900 N4= 1.69100 v4= 54.75 

r7= 13. 636 

d7= 6.568 

r8= -43.963 

d8= 0.900 N5= 1.75450 v5= 51.57 

r9= 68.381 

d9= 0.100 

rl0= 22.995 

dl0= 3.675 N6= 1.75000 v 6= 25.14 

rll= -76. 156 

dll= 1.991 

rl2= -27. 803 

dl2= 0. 900 N7= L 75450 v 7= 51. 57 

rl3= 76. 918 

dl3=23. 778—12. 929—1. 400 
rl4= oo(^0 A) 

dl4= 0.100 

rl5= 23. 349 

dl5= 2.694 N8= 1.51680 v8= 64.20 

rl6=-109. 602 

dl6= 0.100 

rl7= 17.126 

dl7= 3.780 N9= 1.48749 v9= 70.44 

rl8= 54.839 

dl8= 2.069 

rl9= 1000. 170 

dl9= 0. 960 N10=l. 84666 v 10=23. 82 

r20*= 26.326 

d20= 5.000—0.731—0.717 

r21= 16.450 
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<J21= 3.458 Nll=l. 51742 v 11=52. 15 

r22= -41.645 

d22= 0.100 

r23= 107. 729 

d23= 1.269 N12=l. 80518 v 12=25. 43 

r24=-234. 940 

d24^ 0.678 

r25*=308. 495 

d25= 0.900 N13= 1.85000 v 13=40. 04 

r26*= 19.631 

d26= 1.743 

r27= 34.180 

d27= 0. 900 N14=L 62280 v 14=56. 88 

r28= 28.353 

d28= 2.500—15.493—13.880 

r29= 27.227 

d29= L641 N15= 1.85000 v 15=40. 04 

r30= 36.334 

[0095] [Page [ 20th ] (r20) aspheric surface data] epsilon= 1.0000 A4= 0.293751 82x1 0-4A6=-0.61 263568x1 0-7 A8= 

0.7265 1555x1 0-9 A10= 0.1 4884299x1 0-1 0A12=-0.2221 4701x1 0-1 2[0096] [Page [ 25th ] (r25) aspheric surface data] epsilon= 

1.0000 A4= 0.597l91O7xl0-5A6=-O.15750654x10-6A8=-O.76280738x1O-8A10=-O.18941169x10-1OA12= 0.1 21 79777x10-1 1AH 

0.19818816x10-13Al6=-0.35165979x10-15[0097] [Page [ 26th ] (r26) aspheric surface data] epsilon= 1.0000 A4= 

0.53641 668x1 0-4A6= 0.64473049x 1 0-6A8=-0.1 9461 1 5 1 x 1 0-7A1 0=-0.42546389x1 0-1 0A1 2- 0.38972037x1 0-1 1 A1 4= 

0.38043446x1 0-1 3A1 6=-0.9493451 9x1 0-1 5[0098] 
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©OWS3GE- A-IE-iE>» 
f =22. 75—60. 00—155.40 
FN0= 4. 60— 5. 22— 5. 80 

as**® [$fi±ffirafg] mam iry^m 

rl= 73. 644 

dl= 0.850 Nl= 1.83350 vl= 21.00 

r2= 49.348 

d2= 0. 010 N2= L 51400 v 2= 42. 83 

r3= 49.348 

d3= 6.787 N3= 1.60311 v3= 60.74 

r4= -712.296 

d4= 0.100 

r5= 35.459 

d5= 3. 967 N4= 1. 49310 v 4= 83. 58 

r6= 74.524 

d6= 1. 300—20. 632—33. 920 

r7*= 46.570 

d7= 0. 850 N5= 1. 76743 v 5= 49. 48 

r8= 10.755 

d8= 4. 530 

r9= -27.774 

d9= 0. 850 N6= 1. 75450 v 6= 51. 57 

rl0= 46.989 

dl0= 0.100 

rll= 24.010 

dll= 2. 281 N7= 1. 83350 v 7= 21. 00 

rl2= -90. 639 

dl2= 2.743 

rl3= -17.051 

dl3= 0. 850 N8= 1. 75450 v 8= 51. 57 

rl4= -43. 623 

dl4=15. 155—7. 948—1. 200 
rl5= ooOKOA) 

dl5= 0. 100 

rl6= 21.240 

dl6= 3.209 N9= 1.51823 v9= 58.96 

rl7= -44. 629 

dl7= 0.891 

rl8= 23.330 

dl8= 4.839 N10=l. 48749 v 10=70. 44 

rl9= -36.872 

dl9= 1.199 

r20= -20.796 

d20= 0.850 tfll=l. 84666 v 11=23. 82 

r21*=270.860 
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d21= 4.193—0.937-0.700 

r22= 23.066 

d22= 3.862 N12=L 51742 v 12=52. 15 

r23= -18.159 

d23= 1.524 

r24*=-35.189 

d24= 0.850 N13=l. 76743 v 13=49. 48 

r25*= 26.402 

d25= 3.487 

r26= 48.817 

d26= 1.623 N14=l. 67339 v 14=29. 25 

r27=-167. 772 

[0099] [Page [ 7th ] (r7) aspheric surface data] epsilon= 1.0000 A4= 0.44355027x1 0-5A6= 0.370738 14x1 0-7A8=-0. 14298960x1 0- 
8A10= 0.13373838x10-10A12=-0.41256179x10-13[0100] [Page [ 21st ] (r21) aspheric surface data] epsilon= 1.0000 A4= 
0.10880422x10-4A6= 0.87297423x1 0-7A8=-0.462041 1 0x 10-9Al0=-0. 164029 17x1 0-1 OA 12= 0.30793032x1 0-1 2[01 01] [Page 
[ 24th ] (r24) aspheric surface data] epsilon= 1.0000 A4=-0.6 92 1 5309x1 0-5A6=-0.1 825 1333x1 0-5A8= 0.651 09565x1 0-7A10=- 
0.1 6403658x1 0-8A1 2= 0.1 5287778x1 0-1 0[01 02] [Page [ 25th ] (r25) aspheric surface data] epsilon= 1.0000 A4= 0.69987925x10- 
4A6=-0.1 55001 16x1 0-5 A8= 0.53872257x 10-7A10=-0.1 2642621 x10-8A1 2= 0.1 1 335431x1 0-1 0[01 03] Drawing 5 - drawing 7 are 
the lens block diagrams corresponding to the zoom lens of the above-mentioned example 1 - an example 3, respectively, and 
show lens arrangement in a wide angle edge [W]. The arrow heads m1-m5 in each lens block diagram show typically migration of 
the 1 st group Grl in zooming from a wide angle edge [W] to a tele edge [T] - the 5th group Gr5. respectively. Moreover, among 
each lens block diagram, the field where ri (i= 1, 2 and 3. ...) was attached is counted from a body side, and is the i-th field (the 
field where * mark was given to ri is the aspheric surface). Each axial top-face spacing between groups to which di (i= 1, 2 and 3, 
...) was given is variable spacing which counts from a body side and changes in zooming among the i-th axial top-face spacing. 
[0104] Drawing 8 - drawin g 10 are the aberration Figs, corresponding to an example 1 - an example 3, respectively, and [W] 
shows many aberration [ in / a wide angle edge and [M], and / in [T] / a tele edge ] (to the order from the left, they are 
astigmatism, such as spherical aberration, and distortion;Y':image quantity) among each drawing. [ middle ] Moreover, among each 
aberration Fig., sine condition is expressed and, as for the continuous line (d), the broken line (DM) and the continuous line (DS) 
express the astigmatism over d line in a meridional side and a sagittal side, respectively, as for the aberration and the broken line 
(SC) to d line. 

[0105] Eccentric-error sensibility reduction design» from the example of «comparison to an example 1 As stated previously, 
when eccentricity occurs within a zoom group, with the latest technique, it is possible by aligning by the zoom block to suppress 
generating of eccentric aberration. However, when a zoom block inclines or parallel eccentricity is started, it is difficult to stop 
the eccentricity of the zoom block which is a movable group, then, the example in the case of performing said eccentric-error 
sensibility reduction design to a zoom lens (example of a comparison) — mentioning — the 1- the 5th-step concrete 
configuration is explained, in addition, the 4th group Gr4 in which the example of a comparison (condition before performing an 
eccentric-error sensibility reduction design) has forward power with the 1st group Gr1 which has forward power sequentially from 
a body side, the 2nd group Gr2 which has negative power, and the 3rd group Gr3 which has forward power — since — it is the 
zoom lens of 4 group configurations which change and perform zooming by spacing change of each group. 
[0106] The <1st step> First, ray tracing investigated the eccentric-error sensibility of each zoom block of the example of a 
comparison, and since eccentric- error sensibility was relatively large, the zoom group which poses a manufacture top problem 
was specified ( drawjng_3 , #10). The eccentric aberration (if it puts in another way eccentric-error sensibility) in a tele edge [T] 
when each zoom group of the example of. a comparison starts 0.1mm parallel eccentricity is shown in Table 1. DM and DS 
express meridional one and sagittal piece dotage aberration among Table 1, AXCM expresses shaft top comatic aberration, 
respectively, and piece dotage aberration shows the value of image quantity Y'=-14.4. Table 1 shows that the eccentric-error 
sensibility of the 3rd group Gr3 and the 4th group Gr4 is very large. Then, the 4th group Gr4 was specified as a group (zoom 
block) which makes eccentric-error sensibility small. 
[0107] 
[Table 1] 

(ttK«oaai*[T]^*X-A^n * *<0«.fciK*<n«>> 





DM 


DS 


AXCM 


* i m 


0. 110 


0. 051 


0.002 




-0. 063 


0. 076 


-0. 001 




1. 280 


0. 284 


0. 030 


mAm 


-1. 217 


-0. 393 


-0. 031 



[0108] The <2nd step> Next, the eccentric-error sensibility (eccentric aberration) of the 4th group Gr4 which is a specific group 
of the example of a comparison was calculated from the eccentric aberration coefficient ( drawing 3 , #20). The 3rd aberration 
coefficient of the 4th group Gr4 and its ****** is shown in Table 2. Sequentially from the left they are a spherical-aberration 
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multiplier (I), a comatic-aberration multiplier (II), an astigmatism multiplier (ID), the PETTSU bar sum (P). and a distortion 
aberration coefficient (V). Since the 4th group Gr4 is a zoom group by the side of an image most it does not have the ******. 
Therefore, all of the 3rd aberration coefficient of ****** are o. [Eccentricity (0.1mm)] x [the term of spec], [the multiplier of 
primary association] about each term, and the count result of [eccentric aberration] are shown in Table 3. Although an eccentric 
aberration coefficient is expressed with primary association with the 3rd aberration coefficient of a specific group, and the 3rd 
aberration coefficient of * * + **+. the multiplier of the primary association is [a multiplier of primary association] of the right 
column of each term. Moreover, the 1st term in Table 3 - the 4th term are equivalent to the 1st term of [an eccentric aberration 
coefficient] - the 4th term, and are [eccentric aberration] with the final sum total. The comparison with this total value and 
actual eccentric aberration (Table 1 ) was performed ( drawing 3 . #20). 
[0109] 
[Table 2] 





(I) 


(H) 


(III) 


(P) 


(V) 




-8.5792 


-7. 8172 


-3. 284 


1. 5194 


-0. 7879 




x l(f 6 


x 10" 4 


x 1<T 2 


x l(f 2 


X10° 


)B 


0 


0 


0 


0 


0 



[0110] 
[Table 3] 





OX 


DS 


AXCM 




-E-FL-V 


-E-FL-Y* 


E-[<3- k 
2 -FL 3 )/< 
8-FNO*)] 


223. 776 


223. 776 


2049. 861 


a i m 


0. 000 


0. 000 


0. 000 


(a * j-a i) 


0. 010 




0.058 


0.012 


0. 005 


- a i 


0. 003 


m3m 


0. 000 


0. 000 


0. 000 


-(a **j - a #i) 


-0. 249 




-I. 161 


-0. 387 


-0. 039 


atx 


-2. 213 




-1. 103 j -0. 375 


-0. 034 




*» 


-1. 217 


-0. 393 


-0. 031 



[01 1 1] The <3rd step> When two values were compared, it turned out that the value acquired by count using an eccentric 
aberration coefficient and the value acquired by actual ray tracing are very well in agreement. Therefore, eccentric aberration 
can be controlled with the 3rd aberration coefficient. What is necessary is just to perform the design which minimum-izes the 
point in an eccentric condition in that case, since actual aberration may not become small even if it controls with the 3rd 
aberration coefficient, when two values have shifted greatly ( drawing 3 , #60). 

[01 12] As shown in Table 3, it is the thing of the sum total of shaft top comatic aberration (AXCM) which all almost depend on 
the value of the 4th term. The 4th term of the eccentric aberration coefficient of shaft top comatic aberration is referring to 
[ which requires [the multiplier of primary association] for the spherical-aberration multiplier (I) D of an eccentric group (specific 
group) ] the {type (6F). }. It is referring to [ [whose multiplier of primary association] piece dotage aberration also has the 4th 
dominant term, and the 4th term of the eccentric aberration coefficient of piece dotage aberration requires for the comatic- 
aberration multiplier (II) D of an eccentric group (specific group) ] the [type (5G). J. Therefore, that what is necessary is just to 
make small the spherical-aberration multiplier (I) D of the 4th group Gr4 in order to make small shaft top comatic aberration by 
the parallel eccentricity of the 4th group Gr4, in order to have made small piece dotage aberration by parallel eccentricity, it 
turned out that what is necessary is just to make small the comatic-aberration multiplier (II) D of the 4th group Gr4 ( drawing 3 , 
#30). 

[01 13] The <4th step> Since the 3rd aberration coefficient used as the key factor which enlarges eccentric-error sensibility was 
specified in the 3rd above-mentioned step, the design which makes these small is performed ( drawing 3 , #40). Specifically, the 
spherical-aberration multiplier (I) D and the comatic-aberration multiplier (II) D of the 4th group Gr4 are made small. The 3rd 
aberration coefficient when performing the design which makes small the 3rd aberration coefficient (I) D and (II) D. eccentric 
aberration, etc. are similarly shown with Table 2 and Table 3 in Table 4 and Table 5. as shown in Table 5. shaft top comatic 
aberration and piece dotage aberration are markedly alike compared with both the examples of a comparison, and small because 
the spherical-aberration multiplier (I) D and the comatic-aberration multiplier (II) D of the 4th group Gr4 become small. 
[0114] 
[Table 4] 
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(1) 


(11) 


(III) 


(P> 


(V) 


)D 


-1. 4295 


-1.6263 


0. 264 


1. 5638 


1. 8596 




x 10" 6 


x l(f 4 


x l(f 2 


x 10" 2 


xl(f 0 


)fi 


0 


0 


0 


0 


0 



[0115] 
[Table 5] 





DM 


DS 


AXCN 




-E-FL-Y' 


-E-FL-Y' 


E-[(3- ic 
2 -FL 9 )/( 
8«FN0 2 )] 


223. 865 


223. 865 


2052.295 


f§ 1 *I 


0. 000 


0. 000 


0. 000 


(a'j-ai) j 0. 010 




-0. 016 


-0. 012 


0. 001 


-ai i 0. 003 


fR 3 31 


0.000 


0. 000 


0. 000 


i 

-(a '?i-a ii) ! -0. 348 




-0.247 


-0. 082 


-0. 007 


i 

a Si . j -2. 263 




-0. 263 


-0. 095 


-0. 006 





[01 16] The <5th step> If only the 3rd aberration coefficient of the 4th group Gr4 is changed as mentioned above, since the 
balance of the 3rd whole aberration coefficient will collapse, even if eccentric-error sensibility becomes small, the problem that 
satisfactory optical-character ability cannot be obtained produces it. Then, the 3rd aberration coefficient of the 4th changed 
group Gr4 was left as it was, and it designed so that the sum of the 3rd whole aberration coefficient might become small 
( drawing, 3 . #50). In order to change sharply the 3rd aberration coefficient of the 3rd group Gr3. the aspheric surface was added 
to the 3rd group Gr3, and specifically, it designed so that satisfactory optical-character ability might be obtained in all zoom 
fields. Since effect did not attain to the eccentric aberration of the 4th group Gr4 even if it changed the 3rd aberration 
coefficient of the 1st group Gr1 - the 3rd group Gr3, satisfactory optical-character ability and eccentric-error sensibility 
reduction of the 4th group Gr4 were able to be attained to coincidence. 

[011 7] The condition after the design which added the above-mentioned aspheric surface is the above-mentioned example 1. 
The actual eccentric aberration after the design is similarly shown with Table 1 in Table 6. As shown in Table 6, the eccentric- 
error sensibility of the 3rd group Gr3 is also small with eccentric-error sensibility reduction of the 4th group Gr4 whose intention 
it had. The sum of the 3rd aberration coefficient in the tele edge [T] of each zoom group of the example of a comparison and an 
example 1 is shown in Table 7. The description is looked at by the point that the 3rd aberration coefficient of the 3rd group Gr3 
and the 4th group Gr4 is small after the design mentioned above although both the magnitude of the 3rd whole aberration 
coefficient is small. 
[0118] 
[Table 6] 

(X&0U 1 <7)Ma5£[T]-C<O^X- A^n v £0<B ( LVJK£(am)> 
¥?7G<O:[{B.6*] = 0. Inn 





DM 


DS 


AXCM 


m i m 


0. 105 


0. 052 


0.002 




0. 018 


0. 097 


0.000 




0. 175 


-0. 049 


0.005 


14^ 


-0. 291 


-0. 101 


-0.007 



[0119] 
[Table 7] 
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(f I) 


(III) 


(P) 


(V) 


x 10 6 


x 10 4 


x 10 L 


x 10'* 


x 10 0 


tt 
R 
(n 


& 1 » 


1. 1613 


-1. 8144 


4. 3567 


1. 0104 


-12. 7781 




-3. 528 


-0. 6739 


-6. 1886 


-4. 7615 


8. 722 


Si 3S? 


LI. 057 


10. 307 


5. Ill 


2. 341 


-0. 619 


I4g 


-8. 579 


-7. 817 


-3. 284 


1. 519 


-0. 788 


*» 


0. Ill 


0. 002 


-0. 005 


0. 109 


-5. 463 


« 

1 


a i » 


1. 0889 


-1. 7327 


4. 2753 


1. 0017 


-13. 1635 


m2& 


-1. 5283 


0. 9903 


-5. 3488 


-4. 7081 


8. 8763 


m3& 


1. 829 


2. 783 


0. 749 


2. 176 


-2. 816 




-1. 420 


-1. 626 


0. 264 


1. 564 


1. 860 


| -0.030 


0. 414 


-0. 061 


0. 034 


-5. 244 



[0120] 

[Effect of the Invention] According to the optical system of this invention, as explained above, said 3rd aberration coefficient to 
which eccentric-error sensibility enlarges eccentric-error sensibility to a specific large group relatively is made small, since it has 
the composition of having prepared aberration balance further, irrespective of whether a specific group includes the aspheric 
surface etc.. the error sensibility of the eccentric aberration of a specific group is reduced, and good optical-character ability is 
attained. Moreover, according to the manufacture approach of this invention, and the eccentric-error sensibility reduction design 
approach, the eccentric aberration generated with a manufacture error can be suppressed small, and the optical system which 
has good optical-character ability can be acquired. 
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* NOTICES * 

JPO and NCIP! are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] Drawing for explaining the relation and the aberration coefficient of optical system and a coordinate. 
[Drawing 2 J Drawing for explaining derivation of an eccentric aberration coefficient 

[Qr^w'ng 3] The flow chart which shows the procedure of the eccentric-error sensibility reduction design concerning this 
invention. 

[Drawing 4] The image Fig. for explaining the difference between the eccentric-error sensibility reduction design concerning this 

invention, and the conventional design. 

[Drawing 5] The lens block diagram of an example 1. 

[Drawing 6] The lens block diagram of an example 2. 

[Drawing 7] The lens block diagram of an example 3. 

[ Drawin g 8] The aberration Fig. of an example 1. 

[Drawing 9] The aberration Fig. of an example 2. 

[Drawing 10] The aberration Fig. of an example 3. 

[Description of Notations] 

Gr1 — The 1 st group 

Gr2 — The 2nd group 

Gr3 — The 3rd group 

Gr4 — The 4th group 

Gr5 — The 5th group 

A — Diaphragm 
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«fci8SSg#ra»ttlc*#u/s©lcS!jg±ISie£fc*. 
< <fc *> 1 O© U' >XWfr t>fiJt-5H«itf -5^ 1 IS 

<tSII8l©ffil»C»iRmi:* { «fc<— a-r*4*i)WU>t«^. su 
Efi»kSMSg£*€r<rS±gB<!:&oTO*3;KiR 

3jjcina«»*/j\s<-rsi4ittfT5»4«Pidi. ±<* 
5n^<t5ic. ane»4«»T©iiitEffoTK»Lfc 

[0 0 0 6] S2 (0^WW3t^^li. ±E» 1 CD^W© 
WfiElCfclxT. -e-©jt^mX)<X-AU>XT»oT. bu 
1EH1 ESIVT19Z£n«««tfll<C>RftSSOS<b*«)9: 
X - A «T* •S C i: <t r * . 

[0 0 0 7] S3 (DSgWWtt^miJ. ±IES 1 <D¥£W<0 
isSCfil>t. busES 2 fS^T(DJ±S©Sm. S5Eft^ 

[0 0 0 8] S4©56W©3t^mi4. ±EJB1 

T«S5n^:S¥XIJ-?-(0PJ; U fc«ffliJ^©b>X<Ojtan 

[0009] msw^wjt^mii. ±E*1 ©*WCD 
flUtC&l^T. BtiES4lSKT©l9:tt^. S5ES 1 



(4) nmW- 1 1 -3 0 7 4 6 



[ooi oi S6 <n^m<Dit^mt. ±es i ©sww 

ffiJSICfcOT. buES 5 ISPgTO^f1-#. miEft 1 WS 

[ooi i ] s 7 <DRw<Dittmm*, ±es i onw© 

tgfiglCifclxT. 5 £SP§T<DtSft#. bSES1SS§ 

T-^SSntil<t: U t>1&fcffiiK©#M*®©ttflOT35-5C 

[0 0 1 2] $ 8 <D?gW<D5t^l4. ±ES 1 WfSIUj© 
SfiElCfcUT. S5ES 4 IS&£&tfS 5 ISPgT£>fSft-#. 

[0 0 1 3] S9©^WO3t^c0^^li. ffS© 
jt^&lcfcUT. ^.^.g!gg#*lttfl*li;:;*;#U75:«>l;: 

1 RPft£. K91 1 «»T1*£Snfc»© 

t?si e. tifc««£>iRa t. mmaym^m. t ©it«* e> s 

T»e>*x>t«»C»iRS<!:Sllg©<ii£>iR^<t«*«t<-ife^-5 

<hfc^TU£3;*iRg<ia£«£t-£S3JSPg<h. Kff 
3 SPSTS S^txfe 3 »jiRS&3S*/h;S < r-5Ktt*ff 
e>S4fSPt<!:. ±#14hI#huES 4 IS&gT<DtSlt<£fll(D 
ttffi£Ha§EICl|t!*Sti*J:5e. ]RE)|UBtpr?0>tt 
It I C f* o T C i!i 0 IX S/ \' 5 > * 5 £ x -5 K it £ 5 S 
5««<!:. 6*«C4«1Wtt5. 
[0 0 1 4] SI 0©SMH©Jte¥5R©BaMrjiM:. ±1E 

TfeoT. nest 1 S»T1»jesn«»#«#MH*S« 

£X- AS T£> -5 C £: <t f -5. 
[0015] Si 1 ©*W©5t^moSl3fi^;ili. ±E 
ft 9 <Df§<EC9«fi£ ICfc t \ T. BuEft 2 JSPgTcDttROIS 
m. B3Ett»lc<fcoT?Bt>tifc<i»C>iRS<!:*KI©ii»C.'iR 

[0 0 1 6] ft 1 2<&56W<B»^tf>SjI^;£l4. ±E 

suEft i fsire»jEsnfc«x(i-i-©«.fc y fc&ffl'v© 

U'>XroilJ0Tfc-5^iS:^SS«fr-5. 
[0 0 1 7] ft 1 3 a>%9)0%¥XOHa5&l2. ±E 
S9©f£lHro«fi£lCi3UT. HiJEft 4 8»tOlMt#. 

hues 1 s^T-^s^n^pxu-ecoepj: y fciguiw^© 
[oo i 8] ft i 4©s^rojt^coi!ijt^ia > ±e 

ft9©^cOSfiElcfctxT. SUES 5 gpgT(Diftf1-#. 
HUES 1 fSP§T*$S£n;tP«fcy *>!ftH*<&iJ'sK>L'>X<D 

[ 0 0 1 9 ] S 1 5 ©»W<Dit^m<0S!{ji^;4lJ. ±E 



S9CD#£ifl<D*gj£lc£5l\T. SuEft 5 KlieT<Di3it#*. 
b5ES 1 fS»T*tS$*lJfc»J: U *>«!H*<I!!K©#M*®<£ 
MOT* 3 C 4: <fc f-5. 

[0 0 2 0] ft 1 6 ©^WW3t^<OS^;i IS. ±E 
ft9WMW(0ffifi£lCfclNT. SuEft 4 fSPg&tfft 5 SBg 

[o o 2 1 ] ft i 7 <D§£Bfxom.ismMm&i&&ngtii : & 

14. ffmWit^^lCtelxT. UibfilSSKastiHnrc*: 

sa^fS-ss^s-r-ss i s^t. ^s i sprcisjt 

Sff75S2Set. ISS 2 {SPrC(Di:tjSCDl£S. S5E 
StSlCfc o TiH ^>n^<l/uiR^i:IIKco<l-C.»iR^4:^«t 
<-SrT£<!:¥'l8iL.fci§#. *MEfl.C>I!l£Sfit&*«< 
tStlldrSoTUS 3 #;iRM<&£!e£$#S'3"'5S 3 IS 
P£<!:. K*3«Bra*JESftfc3&iRa«6tt*/J»S<r 
5t8lt£iT?S4lS|Sg<!;. £ttttfiEa<HijEft4SPgT<0 
^ltWH5(Dtt^<tPSglC*t}$Stl-5cfce>lC. mlES4 
SPiT(0^itlC#o T^ift L jfci|«A5 >*£SS*.5ia 

[ 0 0 2 2 ] ft 1 8 CD^^(D«^^MSg«SESIt^;i 

15. ±ES1 7 0^W«)ffifiElCfcl.\T. BnE3t*mA*X 
-AU>XTifcoT. h5ES 1 SKT<#^3tlSP^<l 

[0023] si 9 <D&BFi<Dm l t>m&®&<§. : &mtt?i& 

li. ±ES1 7V>¥tW<DMf&lZtmT. suEft 2 SPIT' 
(Ott^OgS. BUEtt^lC«t-DT^e.n^<S^iR^<»:ll 

[0 0 2 4] ft 2 0 <DXnaflibMS6S{EXKIt£& 
li. ±ES1 7OT|gW<0«fi!clCfclxT. fOES4ePiT 
Oi$ttX)i. S5ES1 SP§T*fS^n/ct¥3lli-5-<DSfcfcy 

[0 0 2 5] S2 1 (D^B/l(D<i-L^^Sg<aaatt^;i 
(J. ±ES1 7(D^WW*fi£lCfcCxT. StiES4|S®T 
OSIt^. HUES1 f$KTif#S$n/£S¥3lli-E-<DI¥J:y 
t>»(PJJ^W^i*®(DmDTfc-5 C i ^WttT -5. 

[0 0 2 6] S 2 2 (D»WOT«-6^^^g(5aait^ 
14. ±ES1 7 0»W<Dafi£lCfcl\T. huES 5 SPIT 
C3!S:ft#. S3ESllSPgT!KIS3n^P«ty ! t)«!lftffl5's 

u >xcDiii)DT»* c tzmmtrz. 

[0 0 2 7] S2 3 <DfSWO<g,kig:g®gffiSSft;fr;i 
14. ±ES1 7O^W<0«fi£lCfcUT, bOES 5 SPST 

coatt^. buesi e^T^s$n^«f«ty t>iai*ffi!i'v 

[0 0 2 8] S2 4 (D»M<D<B,d^mSgffi«att^ 



(5) 



1 1-30746 



[0 0 2 9] 

[0 0 3 0] (!RSfflklC«fc«flfC>iRSO«ai> X¥X 

[0 0 3 1 ] rM-^<nR^j if*. •■tfjfcMfcpliT 
>JSK(DiBAO±Xaa>jSM«IittBT0E)SOV^4iT 
£><> L£>U itmZkcD— BHC«i&OTB£-r*£, fct»tt 

□ aw. n±*»ao 7 flssosoHKD 

±WJ V/— *-;U3t» (Upper) iTflU*y-^U3t» (Lower) CO 

TIC, fl<b4>ftSr«%¥X0iRS€aMU iRSffft 

[0 0 3 2] <«it^?¥fttS**»<D 3 ftOJRSSH 

HI (A), (B)IC&1\T. 0SIS#5f*¥®. ISte®¥®. P 
S1I2AMHB. PS2li*taJ81B, HS1I24M*1RI±?B (H: 
»f*fliJ±.«S) . HS2(*flMH±¥B (H' :«ffltt,£) . SFIift 
3*S<DlRB, SR(*3tt¥3fi<0»B, Ntt«5*amiCfc(t-5 



[0 0 3 3] m&&n&l,tel\££<Dft^<D%:&&& 
*. fit. ttjS0P<O£S* (Y. ZK A^e®PS1±(07t 

«8oA«jS<offi«* (y*. z*) t u cne>ic*tjs^-3{g 
siB<oaaicttr'j«ftitT»"r. fcfc # u &¥®is± 

tanco coscf> co=Y/g$ ••• (1A) 
tanco -sincf) co=Z/g$ ••• (IB) 
R-cos<*>R= (g$/g) Y* -(2A) 
R-sinc*>R= (g$/g) Z* - (2B) 
[0 0 3 4] Hl^&#^«t5IC. g. gSte^tl^n 
A*tHBPS1, «rt*ffll±¥HHS1^6«H*¥ffliOS*-C<Dffi 
ML cottttjAOP&tt#fl£jaH&Cli^iK«l«fSqiMAX 
tar-TAT/ * co tfit<D7 yA7ft (azimuth), R 
l*fttt«SE*FB HS1 ± fCStB LtA»B*gT <t> Rtfi*<D 

7iSAxft-c$>% 0 ni*«ffiia*su rtji2M*±% 

FellcfcltS&SMft, a' #fiifitttt^3fe3t«CD#SgHIC 

[0 0 3 5] ft¥&Wk®<DJLls*>^fr*>!3iV±L-2T 

«BB-r*ii. »R»AY\ AZ / (iJUT(Dxt(3A), (3B) IC^ 
fJBIca:* IjS :8Mg*). i*®HXM, »EjfiJR 

ftp t>^<h-r^> itiTHi. )o 

[0 0 3 6] 
Wi 1 



k 

S 

*=1 



[0 0 3 7] 



ay' =r-& -Y 

=-[1/(2- a')] • l(N« tanco) 3. cos^co* (/i=Hkl ZYm 
+R« (N 1 tanco) 2 • [2 ■ cos ( <f> R-cf> co) -coscfrco- (*i=Wk) ZMIm 

+cos<f>R- (M=Hk) Z (I llu+P/x)] 
+R2- (N- tanco) ■ [2 • cos c/>R • cos (<f> R-<*> co) +cos<*> co] • lM=Hk) Zllu 
+R3-cos</>R' l/i=Hk) Z I u\ 
+ Wit^C J:*«ttai (Y«#) ) - (3A) 
AZ'=Z'-j8 Z 

=-[1/(2- a')] ■ ((N'tanco)3. S incf>co' (u=Wk) ZVm 
+R- (N'tanco)2.[2. C os(cf)R-*co) • sin* co • (m=1-Mc) Z 1 1 1 m 
+sin*R- (M=Hk) Z (IIIm+Pm)] 



I 



(6) 



ftmW- 1 1 -3 0 7 4 6 



i 



(N-tanco) • [2'sin^R-cos (<*>R-<*> co) isin^ to] • U=1^k) £ 1 1 ul 
+R3. S in<*>R- U=1->k) I Ul 
+ MB*ICJ:4ftllPa(Z«»)l - (3 B) 
[0 0 3 8] Ctlb(Da (3 A) , (3B) ICfclNT. *2l*«©f*MJl£ LT«S*1*. 

«iSO*«JO ( I rt(ifl/tO?¥SLa:t^tS<0*^»* [0 0 3 9] <¥?rffi/kiR*fi6S<0»ttS> B2(A)lt 

*<^)«S*^-r^T* y . l/L^Sfit§i, i/DICi *¥«*©ffl©v810XU> > h (JUT r^i/iu 

(2. 5t*^<D^ttAXlC»LTSil^|fi3(C¥?7^»-r (0¥?T<1^IC <fc*iR««a<0«Sna A Y (E v/ ) , AZ(Ei>) 
Sffffi^lt, »*«AXIC»LT«< fffl^fi^j li, AUT<Dxt(4A), (4B)-C«Stl5. 

^neo^ii, t^tit>±Ea(3A). (3B)co 

AY(Eu) = -[Ev/(2- o'k)] • { ( AE) v 

+ (N-tana>)2- [ (2+cos2<*> co) • (VE1) v - (VE2) i/] 

+2-R- (N- tan to) ■ [ (2 -cos (<f> R-<*> co) +cos (<t> R+<*> co) ) « (HIE) i/ 

Hos<*>Rcos</> co ■ (PE) 
+R2- (2+cos2<f>R) ■ (ME) v) - (4A) 
AZ(Eu) =-[Ei//(2 - a'k)] ■ {(N'tanco)2. S in2<*>co- (VET) v 
+2-R« (N- tan co) - [sin (<*>R+<f> co) • (I I IE) v 

+$in<*>R-cos<*>co ■ (PE) i>] 
+R2 S in2</>R (HE) u] - (4B) 

[0040] zt/su «^«««a(iJaToa (40 - (4 H)TK*sna. 

(AE) i/=-2- (a' u-a i/) ■•• (40 

(VE1) i/ = {[a' v ■ (/i=i/tHkl ZVM]-[a i/ • (M=v->k) ZVm]) 

-{[a'#i/ • (M=»/+1->k) ZIIU]-[a#i/ • U = i>->k) ZIIU] } 

... ( 4 D ) 

(VE2) i/ = [a'Ji/'(M=i/+Hk)ZPM]-[a»v(tf=u->k)ZP/A] - (4E) 
(II IE) v = {[a' v • (M=»/+1->k) Z 1 1 I m] -[a v ■ (/x = v/^k) Z 1 1 1 n]) 

-([a • (M=i/+1->k) Z II /*]-[«# v ■ (u=i/->k) Z Null •••( 

4F) 

(PE) u = [a' i/ • (u=i/+1->k) ZPM]-[a u ■ (M = i/-»k) ZP/z] "(40 
(HE) y = ([a' i/ • (m=i/+1-M0 Zll u3-[a i/ • (M=i/-^k) ZIImII 

-|[a'#i/ ■ (u=v/+l->k) ZlAt]-[o#v ■ (M = y^k) Zlu]) --(4H 

) 

[0041] ±iea (40 - (4H) oaibKattflti*. «^ 
iCc*:£§2«£3iUT*5y, -en-enJUT©rtsoa«o 

^R8*ft#-rs«**-r5. xt(4A), (4B)£><btt 

ic j; -> xft±T*>w£<om*i \> izttm? z> 0 

(AE) v : yUXAf^ffl(«<D«-rtl)o 
(VE1) i/, (VE2) u : S^fctffcfc^tt. 
(HIE) i/. (PE) v : BIEffJWcftttjAiRS. «M<D{£ 

(HE) i/ : l*±(c4)atl*Se**f«;«:3ViRa. 
[0 0 4 2] a (4A) ~ (4H) (i. Si/IL/» hDi/(D* 

(PE) i-j=(i/ = i-j)I[a'v(/i=i/+l->k) ZPm-c* v • (m= v ->k) X P/x] 
= a' j- (u=j+1->k) ZPu-ai- (u = i^k) ZPai 
= (a' j-a i) • (u=i+1->k) ZP£t-a i ■ (M = i->j) ZPm 
= (a' j-a j) ■ (P) R-aj. (P) D 

(p)r= ( MS j+i->k) zpu : «4>-r*i/>xwoaT r<@ 



«»s (o* y , i6t^i/>xn^ii^bS 
mtms.&ts-s) \at. ffl^r**an—ja)fl^«Ei- 

Ej(SHUtN(7)T\ it: (AE) i~j= (i/ = i->j) Z [-2- (a' 
i/-a v)]T«*\fc5IC, JR*«»«:»i:LTfB5Ct 
fit, a' v =a J:y . : (AE) i-j 
= -2- (a' j-a i)^f#6n-5o 
[0 0 4 3] -ecDfte^OlR^^$alC-^C^Tt>, |h)«I(CZ<0 



(7) 



1 1- 3 0 7 4 6 



B*»6«*»(ttT r^fflpj tfcO? e )<DWLm%®L? 

oft, 

(P)0= (u = i->j) ZPm : flA>S¥<0JKS1£ttPan 
ft l( )DT»33Cr«. It. 

AMi/=-[Ei/ g $k/(2-a'k)] -2 
IE) v +cos(*co) • (PE) i>] - (5A) 

AM ^ =-E v ■ (g'$k2/N'k) ■ (N-tanco) • [3- (I I IE) i/ + (PE) v] 



[0044] m-#$nn«] «-#^riRa*Kwr 

x£(4A), (4B)£>&. #M4XS0!» 'J 
[AY'CD(RCD 1 ',Xm) <t>R=Q) Xg'$kT'£>U. 1t->^JKi 
[AZ'COCRCO 1 ;*JD 4>R=k/2] xg'$kt^-5 e L/z#^> 
T, > U^*:^U#tf<rAMi/!3:. JUT(DSC (5AI 
Stl« 0 CCT\ a'k=N'k/g'$k, <*>co=0<fclL xU5B) 

(N-tanco) ■ [(2-cos(<*>co)+cos(<f>co)) • (II 



(5B) 



[0 0 4 5] ®*0P£BM&tT g'$k->FL(FL:£ 
£<D*lUSEW, N-tan«=Y'/FL(Y' :«BE)ttOT. >U 

*^wt**Air i/*«-ra{50*«»6ti*. nts 

(CUT. ^>^;U#tf^AS' «r«f SC(5D)^»6tl 

So - 

AM* v=-Ev FL'Y' • [3- (HIE) v + (PE) v] -(50 

(AW) i~j =-E FL Y' ■ [3- (HIE) i — j+ (PE) i-j] 
(AS') i~j=-E FL Y' -[(HIE) t — j+ (PE) i-j] 



AS' v =-Ev -FL-Y' - [(HIE) v + (PE) i/] 



(50) 



[0 0 4 6] JU±l«5vBjWfi#fcLfc»$T**#. L/ 

*;U#tf^(AS') i-j^a-T5i(5E), (5F)^t>n-So 

••(5E) 
(5F) 



it (50, (5H)T> yf-f*^, tt^^^KD-etl-fniC 

[3> (I I IE) i — j+ (PE) i-j] = (a' j-a i) • [3- (IIDR+ (P) R]-a i • [3- (IIDD+ (P 
)D]-(a'#j-a#i) ■ [3- (ll)R] + a#i« [3« (1 1)0] ••■ (5G) 

[(HIE) t ~ j+ (PE) i-j]= (a ' j-a i) • [ (1 1 1) R+ (P) R] -a i • [ (I II) D+ (P) D] - ( 



(5H) 



(6B) 



(60 

1/a'k- 



-FLt*: 



=-[Eu/(2- a'k)] -R2-3- (HE) u ■ 
(AXCM) i/ = [(AYU) i/ + (AYL) i/]/2 
=-[Ev/(2- a'k)] R2 -3- (HE) v • 

[0 0 4 8] ty&zmmmti-zt. 

R= [FL/ (2 ■ FNO) ] X k (C #c:tt#*J)± f ii»liO. 7 

IT) i/fi, xe(6D)T^$n-i>o 



a'#j-a#i) • [(ll)R] + a#i-[(ll)D] 
[0 0 4 7] [«Lt=JTiR»] ;*IC. &±zi^iR^£lft 

pertLowerCO^tSffiatCDScO^fflT**. 
oT, il/DICcfc^UpperCOnv (AYU) u <h Lower <D 3^ 
(AYL) v £0*6 K6A). (6B)L 3S (60 lc*rtt±3^iK 
^(AXCM) i/#«^tl«. 

(AYU) v = (AY) (co=0, <*>R=0)-(AY) (co=0, R=0) 

=-[Ei// (2- a'k)] -R2-3- (HE) y - (6A) 

(AYL) v = (AY) (co -0, (f>R=7r)-(AY) (co=0, R=0) 

(AXCWT) i/=Ew (3- /c2.FL3)/(8«FN02) • (HE) i/ - (6D) 

[0 0 4 9] fll±ttl|!i/Bfa«fl|/6Lfc*i«T*«3ft«, \y X££^T. it (6E) JWSSn-So *:££U 

>XB(aiffi^6«jffi-C«flESn*)*fl#i>L^l«^(i *fc«S«ai*. it(6F)Ta2tt<5 0 
(AXCM* ) i — j =E- [(3- /c2.FL3)/(8-FN02)] ■ (ME) i-j - (6E) 
(HE) i-j = (a'j-ai) • (ll)R-ai- (I I) D- (a' tj-of i) • (l)R+a#i- (l)D 
•*(6F) 

[0050] m&mfowmm&L<Dmth) b2(biii 

AY ( £ i/) =-[£ i//(2'a'k)] • ((As) i/ 

+ (N-tanco)2. [ (2+cos2 </> co) ■ (V £ 1) i/ - (V £ 2) i/] 
+2-R- (N-tanco) • [ (2 ■ cos i<t> R-4> o>) +cos i<t> R+* co) ) 

+ C0S R ' cos CO • (P £ ) 1/ ] 

+R2- (2+cos2<i>R) • (II e) v\ -(7A) 
AZ(£ i/)=-[£ u/(2-a'k)] • I (N-tanco) 2. si n2<*> co - (V e 1) v 
+2-R - (N-tanco) ■ [sin (*R+* co) • (1 1 1 e ) v 



JUTC0a(7A), (7B)-C^$n-5o ^^5. 
>>K0i/c7)A«BffiPS1, «l*ffiOS ; -tti6lc*fJEB-T* 
Waiia®PS2, «fflilS*TOffi«l*, ^tl^npy, q 



(Ills) V 



(8) *#§S¥ 1 1 - 3 0 7 4 6 



*sintf>R-cosc*>a> • (P s ) v] 
+R2-sin2*R- (II £] y| ••• (7B) 
[0 0 5 1 ] fcfcL. «^iR««attiUTOa (70 - (7 HJTSSS+l*,, 
(A £ ) i/ =-2- (a'i/*Q'i/-awqy) ••■ (70 

(V £ 1) u = |[a' i/ -q' u ■ U = i/i1-kl Z Vm] - [a y • q y • (u = y -+k) Z Vul 

I 

-Ita'ff y -p' y • (u=y+1-»k) Zlllj£]-[affv-pw (At=y->k) Z 

null 

+ [(a'#y/N' i/)-(a#y/Ni/)] - (7D) 
(V £ 2) y = |[a' # y p' y • (u=y+Wk) ZP/i]-[a«v ■ p y ■ (u= y ->k) Z P 

/*]) 

+ [(a'f y/N' y)-(a#y/Ny}] - (7E) 
(Ml e) y = ([a' y -q' y ■ (At = y tHk) Z 1 1 1 At] -[a y -q y • (M=y-»k) Z 1 1 
lull 

- ( ta' # y -p' y • (m= y +1->k) Z 1 1 v.]- [a # y -p y ■ (m= y -»k) Z I 

I Mil "(7F) 

(P £ ) y = ( [a' y - q' y • (M=y+1->k) ZPu]-[a y -qy • (At=y -»k) ZPtt] 

I 

+ [(«' y/N' y)-(a y/Ny)] -(70 
(I I £ ) y = |[a' y -q' y ■ U = y +Hk) Z 1 1 At] - [a y ■ q y • (u = y ->k) Z 1 1 

-{ [a' # y «p' y • (u : i/+Hk) Ilw]"[afy - py ■ (u=y ->k) Z I 
At]) -(7H) 

[o o 5 2] m^fm^com^h. wrfs^<om^t^» *mmfr*>mmtiTz>^ waii pcti*. 

IC. Z£<ho/t*§^(COl\T%;L<2>o l^t*l/>X8 

(P£) i ~j = { y =i->j) Z (a' y • q' y • (At = y +1-»k) ZPAt-a y - qy • (m= y 
-He) ZPul + Ua' y/N' y)-(a y/Ny)]) 

= a' j - q' j • (u=j+1->k) ZPM-a i -qi • (M = i-»k) Z P u+ ( y = i->j) 
Z [(a' y/N' y)-(a y/Ny)] 

= (a' j - q' j-a i -qi) • (At=j + Wk) ZPjt-a i -qi ■ ( /x = i — ^ j) ZPAt+[ 
(a j/N' j)-(ai/Ni)] 

= (a'j-q' j-ai-qi) • (P)R-aiqi- (P) D+ [ (a ' j/N' j) - (a i/Ni) ] 

(P)R= (u=j+1->k) ZPu : flM'J»©iRS«»PO«. [0 0 5 3] [*7K<riRS] Jttf^riRSIi. spfr«'D<& 

(P)D=(u = i-»j) ZPm : fl*bl¥0)JR&fiKttP0)tt »dtn«ICf75i, ^U^^^WMJ^tAMTI i- 

T£>£ 0 Ufc^oT, <i/LxiR^ftSE(OZ(i. ttffl«<0iR i, -S-I^Wttf^- ( AS' ) i ~j (8A) , (8B)Tg$ 

(AW ) i-j=-£ FL-Y' • [3« (III e ) i — j+ (P s ) i-j] - (8A) 
(AS') i-j=-£ ■ FL-Y' • [(III £) i — j + (P h ) i-j] - (8B) 

[3- (III el i — j+ (P e J i-j] = (a' j>q' j-ai-qi) • [3- (1 1 1) R+ (P) R]-a i -qi [ 
3- lllDD+IPJDl-ta'tj-p' j-a#hpi) • [3« (I I) R] + a#i «pi [3- (I I) D] + [ (a ' j/N' j 
)-(ai/Ni)] -(80 

[(III £) i — j + (P e J |-j] = (a'j-q' j-ai-qi) • [ (1 1 1) R+ (P) R] -a i - qi [ (I I I 
)D+(P)D]-(a'#j-p' j-a#i -pi) • [(I I) R] + ati -pi [ (I I) D] + [ (a ' j/N' j) - (a i/Ni) 
] - (80) 

[0 0 5 4] [U±3ViR«] H±a7t>, Wi=rm.C><D U y ^O0i^iR«a«ttSt (9B) T»Sft4. 

m^tmmizn? S(9A)T^f £z>lZ&Z> 0 

(AXCHf) = £ • [(3- /c2.FL3)/(8-FN02)] • (I IE) i-H - (9A) 



(9) 



*#§H¥ 1 1- 3 0 7 4 6 



(|| s) i — j = { oc ' j . Q ' j- a j-qi) ■ (I I) R-a i -qi • (I I) 0- (a' #j -p' j-ati*pi) 
MR+afi-pi- (l)D - (9B) 



[0055] mm&skfr*>sirzm'bwm<Dftm ±& 

[C^iRS] = HB'fcS] x ix* y form x [flibiRSIXtt] 



[0 0 5 6] (fl/DiR^t^^y^) JtuidiLfc TOSS 

osc (i oa) x-m-r c <t*T* a. 



(1 OA) 



[0 0 5 7] LWoT, JUTO(D. ©fC3*Cf£cte> 
<D *jSE»t«Klcj±«UT**<a 

(***■< a*. 

A- (FNO) (0 2^lCJ5J±#J-r3o Lfc#oT, —IS 

(fl<b<MMKB) i— j= (a' j-a i) ■ KffiMl (0»)R 
-ai- ORSftai <OfQ)D 
-(a'#j-a#i) • (4XM«a 2 <0*tJ) R 
+ a#i- (HXMf&a 2 (0*0) D ■•■ (1 1 A) 



©Tit &±^Wm&n&$EWt<D3mtZltmT2>fi: 

#*c*<>3:3o £fc 0 U>Xi>-\-;/*-2i>5/flX-A 
U>X(Oct?l;i, «L£ffiHlOCi;TF^>A-#**< 

>X->^^^-^>^ffligfi^X— AT(i. Ft>A- 

[0 0 5 8] <3Ff7«^iR«a)«1S> TfHi^iRaiffa 
li, — « (ciuTco it d 1 a) <Oct 5 fcasrr £ C £#T^ 



[0 0 5 9] SC (1 1 A) ICfclMT, m 1 H<tl£ 2 fflli (IRS 

mmm&L i ) = [ttj»R**a (i id] + i^yy/t-w 
(P)] 

OKSffa 2) = [a vUXS&a (II)] 

) = [3-7*««a(ii)] 
0R&fta 2 1 = mm *^a ( i ) ] 

[ooeo] ±i£cDot 5 ic m*L>wm&& isc (11 A) ) ia 

[Si «<D«a(a' j-ai)l4, ii±<OV-v:J- 

;u*«*«ffl^»-c £ n (3 £ a if b n £ a\ s 

&£££lcf2A9- j e<Ot><OTfcy, ^--y-MlciilO 
it<D^-V1~)\,it&<Dftg.T*Z>Z>» UfctfoT. fill** 



[*5 3 H] -» 3 2!<0<Sa- (a ' #j- a #i) 12, 16HT^ 

m 4 no -n 4 ii^a a # i it. «*d»ic A«r 
»©MT*y, «iw«ii-i-c»s. it>ft*uRfttt 

[0061] mm&&})£Mmm&2)<D*i*2<DM 
(jR««ai)io^(iRa«a2)ic»LTi oco 

ai ) tit«uTaftsit«o. m±<oc<h£#csicA 
[0062] (M««i&iRs«)Wtt> a*fliM«aa 

li, -ttlCUTOa (1 2A) (Oct ? ICSSW * C <!: J&*TS 

5o 



i~j=(a' j q' j-ai-qi) • (JKSflia 1 <OfQ) R 
-ai-qi« mmm&L 1 <0#Q)D 
-(a'fi-p'i-a#i-pi) • (iR^a2<0fQ)R 
+ a5i-pi- (iRM^a 2 COffi) D 

+ 1 ( a ' j/N' j) - (a i/Ni) ] (^SaHletM-^^rtOti^cO^ 



(10) 
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) -(12A) 

[0063] mzm&tBLmm&it. *<D*\zis\3z*,t>c 

a'j'q'j = a'j's' j + a' j TD 

= hj + a'j-TD - (12B) 

a i • qi =hi --{120 

a'tj-p' j = h#j+a'#j«TD - - (1 2D) 

a#i • p j =h# i - (12E) 



tztzU. 

td : m<bm<oz>m mim^^mm^x 

[0 0 6 4] ±iC(12B)-(12E)£SH>T, 5£ (80 , (8D) ; 
2FK (120 ; (]2H)(D^v\ZU^ 0 



[3- (III s) i — J+ (P s ) i-j]= (hj-hi + a' j TD) ■ [3- (IIDR+ (P) R] 

-hi* [3- (lll)D+ (P)D] 
-(h#j-h#i + a'#j-TD) ■ [3- ( M ) R] 
+h#i- [3- (ll)D] 
Ma'j-ai) -- (12F) 

[(III £) i — j+ (P e ) = (hj-hi + a' j TD) • [(lll)R+(P) R] 
-hi -[(111)0+ (P) D] 
-(h#j-h#i + a'#MD) • [OUR] 
+h#i- [HDD] 
+ {a'j-ai) -(12G) 



m±zi^m) 



(ll)R 



(l)R 



[0 0 6 5] mzffifcwmmsLi*. 
it d 3A) <d £ z> izmm-tz C £ #T £ -5 c 



[0 0 6 6] ±m<D£z>lZ. &7*1miLWm&%Ll*. $A± 
a^iK^T(i4O(03S^t>«tj3l-r)TfcU. M-^^rOK^ 

[m^ m-vmimi^xmimo. w3sgT£>£#\ p 

O*Tli^>^U^kL^:tNC0T\ hj-hi fiO. 1ffig. ZW 

7Tli5-50afl[T**. a' jfi10(D-2*S«T*« o 
[SB2IR] — hi fiO. 1 -3IST*4. 
[*3 3U-h#ittfefc<fc-tay^e»<Dffi«<i:*a:^*<0 
T\ h#j-h#i=TDT»*p a'#j«i«3»ltt*«l-C10 
<D-1~1*?IgT&£o 

[*43I] -h»ilifefc<fcf8U^&fl!)£lfi:OT, St> 



(II £) i-j= (hj-hi + a' WD) 
-hi ( 1 1 ) D 

- (h#j-h#i+a' #j - TD) 
+h#i- (l)D ■■• (12H) 

-mztxTv b<dm»#s*it. m^comm^^^\zm<m^x 

tzrzU. 

i-j = (hj-hi + a ' j • TD) • mm&» 1 <Oft) R 
-hi - (JRSftftl Oft) D 
- (h#j -h# i + a ' # j ■ TD) ■ ORSffiSt 2 Oft) R 
-hfi- (iR««a2©»)D 

+ (a'j-ai) {<-&$LmiZXtfT<Dm'£<Dfr) -(13A) 

«a*d*ft^s»a-c**. ffli*io<&-2jiiBflrca 

[0 0 6 7] £7t, iR£fttt0*«£<Z>BBft(;£. 
»«»(IJ #1x10-4, aTiR««a(ll)#50xlO-4 % ft 
jAiRSfftt (III) ch^^A-JUft (P) #500xl0"4-c* 

i Si, gf2Jg, «5fli#*#a:ffl*»s. *4«tt«y 
&a#0Tt><S£#oc<h£mfcuTu<5 0 

T» «e«A*i: 3 Fl7fll^OK*BK*H**«<"r«C 



(ID <f#i8¥ 1 1 -3 0 7 4 6 



< -Tftlf . el:5©@g#/h$ < JS-StaltTttfcO 
[0 0 6 8] «<a-C>iRM(0^«i^t>^#ai$nSM^L 

die emwjt^icteiNT. ii'C^m@g»iffl>p}fl*jic 

*SU£»f::Sil±|B|fl<!:a:«. '>&<<»:*> 1 o<0U> 
X®;5>6j£3P(sOIB<I'6S¥lcffl=aU W^liU^Xi* 

^u>x®-e&-5. )ic*tu. m-bmmmm&J:2<? 

g<Sii£ISIt:£;£l4. c<o£.IC3il UT/££n*:*><£>T-35> 

y. ^-ro*s<aro-oi4, laTiciftia-r-ssoofspg^e. 

fi£ -5 *#§*l!i*lt&it¥;£ IC* -5 . 
[0 0 6 9] <SS 1 f3Pi> 3S 1 fSPg(4. <I/kg|M!§lg# 

o©U>X®a>e>J£-5S¥»UT r^Pj <bt>U2>„ ) •£ 

«jr*-*c£*i*»<!:*-*(H3, # i o). m^ftic 

X, U>X®IC. JWCflto mrl^Mtlibl #H 

[0 0 7 0] ifiSp, X^m<Dft&T'ltX-A\s>X<DBSi 
tt«<;S^lC?rtonT33 U . X- Ai±tf)ia]±-*>/J\2HkCD& 

3o5#. 3!BttTlijEOtH\TO£:0. CCfcftfif^A 

x-A^>xfiti«5nTi^tN„ 

[0 0 7 1 ] X-AU>X<Z>li£. H/D«a5IC«fcoT, 

x-Axa-y^©*T'ii. »«sa«)«^Rssfle«(iB 
•rax-AXP^Tii. mmmom&zfjvziitfT 

¥;£(4. X-AU>Xi::i?arC2&-5. X-AU>XICS 
fflb/ii§£. X-AXP->^«r!t$Sil<!if -5<Z>jW!?£L 

[0 0 7 2] *^lC^-5if#iSiS*iatt¥;ili. tt^m© 

^<Deit#;££lgyiIL.ffl03C<!:T. jt^m<D 
T^T©gig#t!^gtglcttUT+}m§T'#&< SO 
'h $ ftliCfitSI €WT -5 i "f -5 C £ tfi-C £ -3 . 
Lfc^^T, X-AXQ;/*<0<I<kg|g£sg<Z>/h;*£:X 
-Aft^ifclCfcOTte. *tg*<fc*E-5giii(4U>XXI4l' 



[0 0 7 3] ttt5<h&33t^#Jii«;£.U>XT-&-5i§ 

lUT(D5fe#SC(1)*3ISt-SC<!:^M$UU 0 
fL/ymax>3 - (1) 

fL : ±ma>*MEm. 

ymax : 

[0 0 7 4] ±E*#SC(1)tt. WftjAU^XOfltjAE 

[0 0 7 5] <!g 2 fSP£> £ 2 SIBli. miiegl 1 ISPgT' 

£8tSU -t<0«-IIIC«fcoT»6tl*:«4j>iRai. MB 

«*ff5C<t*ISa<!:-r*(H3. #2 0). 

<S& (3 ^iRSftft) © 1 3did-CSSti«. »*©3t¥ 

Jt»ii»IC«fcy?#e>nfell(g©<l»£AiRMOffii:. £ 
JURUT*4t#MltlcJ:<— a-T*. chl*. 3 ;*iR£ 

«a»> e> Btw 2 n « HK^npgoiRm <t a < — at -s t 

*U. J E"W<!:^l4 3;>:iRm^Sc^e»it^$tl^iRM<l:ll 
it L/<^'5o 

[0 0 7 6] ±E©J:5(C»«rWaaait**H«3a:i<r 
D$y. its IC J: o T»- & tifc«HViR« t HtSOffl^ 
«ad:****< JKt*tW«rL/fclid) 14. mbWBrQ 

*Ut^(03, # 6 0). C©«fc5ICS9:tt-f *C<fclC«fc 

y. «-6iR»t/ha<ffliLT, unutfitrs 

a>lCb. a*«ffl©J|«v->3>lcMilT. ilJnLfcil 

^^<-r^c<t-c , .c5«a</h$<«:y. ia««Bi© 

?2>Z£tfi-C2tZZ£lZf3iZ. T#«:tMi^lCI4. 3f« 



(12) mmW- 1 1 - 3 0 7 4 6 



[0 0 7 7] <m 3 IB 3 fSPgli. iiuESB 2 gPTC 

<tW<-at5«!:aiUcS&. <i.C>gim!gg£*# 

< ?z>±mm tte-o 3 ;*ism«a£t3sr* c t 
zmmttz i3,#3oi, m,c>wmm&\z3i&mi3: 
3 Kw.m&%Lt)^.i>mmmm.z ±z < t^sgiiss 

£^t>§f*Tl\-5^£P^-5. <g.6Hm<3ia<0=&JS<0{S 
(XIJ&^SICOOTtfXI/kiR;!) A>t>. iS-DUXM^aiCg 
t)3tiEW/«£iI€^SrS. -eroiS^ST-^tlli. £<0 

#T#-5. *§Sr* 3 ;*iR:lGMS4li. 1 OTifc^Tt) 2 

*«— »WC»U. H±3-7«R«©i§$. ftSPcoSSffiHX 
M ( I ) T * -5 C <h IK « r ft « . 

[0 0 7 8] <i4Sd) SB4|SPg|J. siJiESB 3 SPgT' 
1IS5nfc 3 ;*HXM<ia£'Jv;* < f SiSft^ir? di* 
1Wtt«(B3,#40). C0DSB4iSPgfi. $3M 

gist msn © 3 ;*nm<ia i ( ) di t* an sb 4 g 

tt»<tfc£g*lcgag©ttan£ftoCi:T\ dfMc0 3 

c«ta«a*L i ^. iagfottan 

£14. #3*iBfl!>ttaP. U>X<0il}MT-£>-5„ 

[0 0 7 9] SB 3 ISPiT'^SSn*: 3 %iRSftft«(. » 

(Mm <0 3 ;*iRM&a I ( ) R) Tft SB 4 fgpgT 

3;*iR£<SH»£/Jn£ <L<te)<!:LT ! t>. -t«)«tffl)JS^/Jx 

5E3f<0&ffl'J(r ftlHK) icaftgcomo^fi^c 

o. iBBgcOttflOtte. M^liOWO, U>X 

<OiI»QT&-5. 

[0 0 8 0] <SB 5 f£Pg> SB 5 £SMf3. ±<*ttfig#itt!ie 
SB 4 ISPgT-CD^itcDsticOtt^ (7cO«J||) <hls]g|glcSt}# 

A5>>*£l§;t&iSft£?7e>C<i£*#S!£-r-5 (03, # 

so, i4 &v§T-v$m<Dwm mmm*>»&m) <d 3 

SISS t»7i©T. ^<*©3;*iR««a 
li**fc«l;:a:-3Tl*4. tCT. SB 4 tSPgTaStCffl 

[0 0 81] *4SB|-piR»SEttJfl<**-r#*i:. £<* 

»*. * to (sic *£»0«jitfl! mza. imtfflictt 



IV, IffigOttSDil*. 09*14. ftttHOfMO, U>X 
(OilSDTft-S. S55EL/^:<g^iRMc0^ajtl^e.Wb^ 
«fc?lc. S4>SSffig«. *ta«h«:-5S3R(«S»)©«1 

IC14KSSSWC. ±<*ttgg€-7t<Ott^<i:ls)^lcr-5Ct 

[0082] <(*¥zmzmzR,i>mm&m&ifmtti:vt 

3Rco»St£<Z>ilO» SfelcJt't&J: 3 IC S£35fcP^Sg 

Sg(OSS@g«3Sl*fit>tlTOfc. -€-<0^x^li. P. 
^SgcO &gBtt(OA 7 - £P < r * C £ "Cgg £ 'h 
a<r*£l^t>©T*oT. Sgj*. HSg^lKt 
SCill Jfc*3R***<r*;i£l=«:-3TlVfc. *H 

««»g*iR««a*»6«f«rr*c:ilC«fcoT. KG/t 
9— Tft-sT t>ii«C'SSffigcO/h S &P<Oi?aE «• W 
ICU fitSrmtt8t*X^*£ffl±£l*£fci&|;:fflU 

S/ittlCSSAr-SCtlCfcoT. fl^RSSS«1S3tr 

*ISWIC<£*«8iMiait^;i<fcft3R<Oi&tt¥>£ 

[0 0 8 3] 

0->3 >-?-^IC*3l\T. ri (1=1,2. 3, . . . ) liBjttfflW* 
eaxTi§lco®(Offl^i#g. di (i=1. 2. 3....)l*1ft* 
«'J«»eax.TiSI<Otti±®lfflPB€*L/T*3y. Ni (i=1, 
2, 3, .. . ), ul (i=1, 2, 3....) l4«li*ffiiJ^6.a^TiSBco 
l/>Xrod8C*tt5M?(Nd], T^aU d) € 
3>X l-^^->a >T--9^. X- 

5 >^lc^5l^TS{br*i4±®raPl (prgnin is. &n 
m mmiiaBmm [w]~= KJW(4>nflijacMttn [m] 

*. ftflijaEm«i[w]. [m], [t] izWisr*±^<o 
m&mm f s^F±>/\--FNo^#-a-r^r. 

[0 0 8 4] fl^¥SrilC*En^Snrc®li. 

*>r;*(03c (as) -cs^sn-s^toir*. 

X=(C Y2)/(H(1-£-y2 c2)1/2|+£ (Ai Y") -(AS) 

fc^O. ^(AS)*> 

X : 5ta^(S)(OS^®^€.<OSttS. 

Y : 7ttt(C*tLTSi!£::fr|S]cOgi$. 

C : ifiliffl^. 

Ai : iXOlWVflEM 
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[0 0 8 5] 

«Jfc809(IE • H • IE • aE)» 
f =22. 75—60. 00—155.40 
FN0= 4.60— 5.22— 5.80 

mm^m m±mmm mam irv^m 

rl= 80.507 

dl= 1.500 Nl= 1.83350 vl= 21.00 

r2= 50. 638 

62= 0.010 N2= 1.51400 v 2= 42.83 

r3= 50.638 

d3= 6.300 N3= 1. 60311 v 3= 60.74 

r4= -590.399 

d4= 0.100 

r5= 36.741 

d5= 4.330 N4= 1.49310 v4= 83.58 

r6= 91.218 

d6= 1. 300—19. 406—33. 552 

r7*= 91.218 

d7= 1. 300 K5= 1. 76743 v 5= 49. 48 

r8= 11.256 

d8= 4.440 

r9= -33.551 

d9= 1.000 N6= 1.75450 v6= 51.57 

rl0= 45.126 

dl0= 0.100 

rll= 22.081 

dll= 2.780 N7= 1.83350 v7= 21.00 

rl2= -81.335 

dl2= 1.290 

rl3= -26. 837 

dl3= 1.000 N8= 1.75450 v8= 51.57 

rl4= 267.900 

d!4=14. 735-7. 506-1. 200 
rl5= ooOKOA) 

dl5= 0.720 

rl6= 19.552 

dl6= 3.700 N9= 1.51823 v 9= 58.96 

rl7= -70.651 

dl7= 0.100 

rl8= 20.750 

d!8= 4.000 N10= 1.48749 v 10=70. 44 

rl9= -30.525 

dl9= 1.350 

r20= -19.354 

d20= 1.000 Nll= 1.84666 v 11=23. 82 

r21= 266.334 



d21= 4.800—1. 900—0. 700 

r22= 25.488 

d22= 4. 240 N12=l. 51742 v 12=52. 15 

r23= -18. 130 

623= 1.600 

r24*= -31. 725 

d24= 1.400 N13=l. 76743 v 13=49. 48 

r25*= 29.200 

d25= 1.250 

r26= 30. 049 

d26= 2. 150 N14=l. 67339 v 14=29. 25 

r27= 220.193 

[0086] imim(Ti)mmmT~*] 

£ = 1. 0000 

A4=-0. 71639468X10-6 
A6= 0. 52909389X10-7 
A8=-0. 15444212X10-8 
A10= 0. 14666388X10-10 
A12=-0. 50346363X10-13 

[0087] (r24) CDIM*®^-*] 

£= 1. 0000 

A4=-0. 12662318X10-4 
A6=-0. 18371721 X10-5 
A8= 0. 64823035X10-7 
A10=-0. 16739676X10-8 
A12= 0. 15325296x 10-10 

[0 0 8 8] [W,2 5m {r25)<D}mmT-f] 

s= 1. 0000 

A4= 0. 80098384X10-4 
A6=-0. 14551791 X10-5 
A8= 0. 54084513X10-7 
A10=-0. 12612528X 10-8 
A12= 0. 10743852X 10-10 
[0 0 8 9] 



(14) 



1 1-30746 



«$mm 1 QE • M • IE • IE) J 
f =22. 75—60. 00—155.47 
FNO= 4.60- 5.22- 5.80 

rl= 67.212 

dl= 0.850 Nl= 1.83350 vl= 21.00 

r2= 46.411 

d2= 0.010 N2= 1.51400 v 2= 42.83 

r3= 46.411 

d3= 5. 611 N3= 1. 60311 v 3= 60. 74 

r4=-1533. 625 

d4= 0. 100 

r5= 37.479 

d5= 3.192 N4= 1.49310 v4= 83.58 

r6= 80. 254 

d6= 1. 300—18. 806—33. 718 

r7*= 55. 942 

d7= 1.885 N5= 1.76743 v 5= 49.48 

r8= 11.445 

d8= 5. 063 

r9= -23.786 

d9= 0.850 N6= 1.75450 v 6= 51.57 

rl0= 76.080 

dl0= 0.100 

rll= 30. 979 

dll= 2.383 N7= 1.83350 v 7= 21.00 

rl2= -51. 984 

dl2= 3.062 

rl3= -14.519 

dl3= 0.850 N8= 1.75450 v 8= 51.57 

rl4= -33.010 

dl4=15. 174—7. 640—1. 200 
rl5= oo(JKOA) 

dl5= 0.100 

rl6= 18. 695 

dl6= 3. 912 N9= 1. 51823 v 9= 58. 96 

rl7= -76. 828 

dl7= 0.117 

rl8= 17. 787 

dl8= 5.364 K10=l. 48749 v 10=70. 44 

rl9=-191. 752 

dl9= 0.100 

r20=-1380.472 

d20= 1. 305 Nll=l. 84666 v 11=23. 82 

r21*= 22.105 



d21= 4. 450—0. 372-0. 700 

r22= 13.823 

d22= 2. 946 N12=l. 51742 v 12=52. 15 

r23= -38.168 

d23= 0. 100 

r24*=203. 761 

d24= 0. 850 N13=l. 76743 v 13=49. 48 

r25*= 15.784 

d25= 5.907 

r26= 41.896 

d26= 1. 417 N14=l. 67339 v 14=29. 25 

r27= 183.628 

[0090] imim [ri)<D$mmT-*] 

£= 1. oooo 

A4= 0. 13382026X10-4 
A6= 0. 98519488X10-7 
A8=-0. 20533289X 10-8 
A10= 0. 14078856X10-10 
A12=-0. 28051717X10-13 

[0 0 91] [S219 (r21) (DimWr-*] 

e= 1. 0000 

A4= 0. 56033831 X 10-4 
A6= 0. 20859596X10-6 
A8=-0. 89435819X10-9 
A10=-0. 32902126x10-10 
A12= 0. 14244659x10-11 

[0 0 9 2] [S2 4M{r24)(D$mmT-*} 

s= 1. 0000 

A4= 0. 24244833X10-5 
A6=-0. 18608783x10-5 
A8= 0. 65868793X10-7 
A10=-0. 15356660x10-8 
A12= 0. 15529677X10-10 
[0093] [S2 5I (r25) (DimWT 1 -*] 
£= 1. 0000 

A4= 0. 52954566X10-4 
A6=-0. 15597732X10-5 
A8= 0. 56109687X10-7 
A10=-0. 13012153X10-8 
A12= 0. 13945660X10-10 
[0 0 9 4] 



(15) 



ftfflW- 1 1 - 3 0 7 4 6 



|2(IE-fi-iE-iE-iD» 
f =22.50— 68. 215. 01 
FN0= 4.10- 5.20— 5.80 

rl= 83.031 

dl= 0.900 Nl= 1.80518 v 1=25.43 

r2= 58.244 

d2= 8.632 N2= 1.49310 v 2= 83.58 

r3= -578.162 

d3= 0.100 

r4= 50.487 

d4= 5. 067 N3= L 49310 v 3= 83. 58 

r5= 130.665 

d5= 1. 500—27. 727—47. 883 

r6= 54. 141 

d6= 0.900 N4= 1.69100 v 4= 54.75 

r7= 13.636 

d7= 6.568 

r8= -43.963 

d8= 0. 900 N5= 1. 75450 v 5= 51. 57 

r9= 68. 381 

d9= 0.100 

rl0= 22.995 

d!0= 3. 675 N6= L 75000 v 6= 25. 14 

rll= -76.156 

dll= 1.991 

rl2= -27. 803 

dl2= 0.900 N7= 1.75450 v7= 51.57 

rl3= 76. 918 

dl3=23. 778—12. 929—1. 400 
rl4= ooGgDA) 

dl4= 0.100 

rl5= 23.349 

d!5= 2.694 N8= 1.51680 v 8= 64.20 

rl6=-109. 602 

dl6= 0.100 

rl7= 17. 126 

dl7= 3. 780 N9= 1. 48749 v 9= 70. 44 

rl8= 54.839 

dl8= 2.069 

r 19=1000. 170 

dl9= 0.960 N10=l. 84666 v 10=23. 82 

r20*= 26. 326 

d20= 5.000—0.731-0.717 

r21= 16.450 



d21= 3.458 m= 1.51742 v 11=52. 15 

r22= -41.645 

d22= 0.100 

r23= 107. 729 

d23= 1.269 K12=l. 80518 v 12=25. 43 

r24=-234.940 

d24= 0.678 

r25*=308.495 

d25= 0. 900 N13=l. 85000 v 13=40. 04 

r26*= 19.631 

d26= 1.743 

r27= 34. 180 

d27= 0. 900 N14=L 62280 v 14=56. 88 

r28= 28.353 

d28= 2. 500-15. 493-13. 880 

r29= 27.227 

d29= 1. 641 N15=l. 85000 v 15=40. 04 

r30= 36.334 

[0 0 9 5] [JR2 0® [rlVKDimm^-*} 
£= 1. 0000 

A4= 0. 29375182X10-4 
A6=-0. 61263568X10-7 
A8= 0. 72651555X10-9 
A10= 0. 14884299X10-10 
A12=-0. 22214701 x10-12 

[0 0 9 6] M2 5B(r25)(0#«Bf-^] 

s = 1. 0000 

A4= 0. 59719107X10-5 
A6=-0. 15750654X10-6 
A8=-0. 76280738X10-8 
A10=-0. 18941169X10-10 
A12= 0. 12179777X10-11 
A14= 0. 19818816x10-13 
A16=-0. 35165979x 10-15 

[0097] [S2 6I (r26) <D$mWT~9] 

e = 1. 0000 

A4= 0. 53641668X10-4 
A6= 0. 64473049X10-6 
A8=-0. 19461151 X10-7 
A10=-0. 42546389X10-10 
A12= 0. 38972037x10-11 
A14= 0. 38043446x10-13 
A16=-0. 94934519x10-15 
[0 0 9 8] 



(16) 



1 1 - 3 0 7 4 6 



«JB«3GE-ft -iE-IE)! 
f =22. 75—60. 00—155.40 
FN0= 4.60— 5.22— 5.80 

rl= 73. 644 

dl= 0.850 Nl= 1.83350 vl= 21.00 

r2= 49. 348 

d2= 0.010 N2= 1.51400 v 2= 42.83 

r3= 49. 348 

d3= 6. 787 N3= 1. 60311 v 3= 60. 74 

r4= -712.296 

d4= 0.100 

r5= 35.459 

d5= 3.967 N4= 1.49310 v 4= 83.58 

r6= 74. 524 

d6= 1. 300—20. 632—33. 920 

r7*= 46.570 

d7= 0.850 N5= 1.76743 v 5= 49.48 

r8= 10.755 

d8= 4.530 

r9= -27.774 

d9= 0.850 N6= 1.75450 v 6= 51.57 

rlO= 46.989 

dl0= 0.100 

rll= 24. 010 

dll= 2.281 N7= 1.83350 v7= 21.00 

rl2= -90. 639 

dl2= 2.743 

rl3= -17.051 

dl3= 0.850 N8= 1.75450 v8= 51.57 

rl4= -43.623 

dl4=15. 155-7. 948-1. 200 
rl5= ooOKOA) 

dl5= 0.100 

rl6= 21.240 

dl6= 3.209 N9= 1.51823 v9= 58.96 
rl7= -44.629 . 

dl7= 0.891 

rl8= 23.330 

dl8= 4. 839 N10=l. 48749 v 10=70. 44 

rl9= -36.872 

dl9= 1.199 

r20= -20.796 

d20= 0. 850 Nll=l. 84666 v 11=23. 82 

r21*=270. 860 



d21= 4. 193—0. 937-0. 700 

r22= 23.066 

d22= 3.862 H12=l. 51742 v 12=52. 15 

r23= -18.159 

d23= 1.524 

r24*=-35. 189 

d24= 0.850 N13=l. 76743 v 13=49. 48 

r25*= 26.402 

d25= 3.487 

r26= 48.817 

d26= 1.623 N14=l. 67339 v 14=29. 25 

r27=-167. 772 

[0 0 9 9] {rl)<D}mm?r-*} 
£= 1. 0000 

A4= 0. 44355027X 10-5 
A6= 0. 37073814X10-7 
A8=-0. 14298960X10-8 
A1 0= 0. 13373838X10-10 
A12=-0. 41256179X10-13 

[oioo] [$2 i ® uzwimmj 1 -*] 

8= 1. 0000 

A4= 0. 10880422x10-4 
A6= 0. 87297423x10-7 
A8=-0. 46204110X10-9 
A10=-0. 16402917X10-10 
A12= 0. 30793032x 10-12 

[0101] [SB 2 4® (r24)(E>#M*®^-*] 

£= 1. 0000 

A4=-0. 69215309x10-5 
A6=-0. 18251333x10-5 
A8= 0. 65109565X10-7 
A10=-0. 16403658x10-8 
A12= 0. 15287778X10-10 
[0 10 2] [«2 5B(r25)WWiif-^] 
e= 1. 0000 

A4= 0. 69987925X10-4 
A6=-0. 15500116X10-5 
A8= 0. 53872257X10-7 
A10=-0. 12642621 X10-8 
A12= 0. 1 1335431 x10-10 

[01 03] i5-i7ii ±iimmm i -mmm s <o 

l£ftM[W]T<0l'>XKfi**UTO4. SU>Xi« 
S*(Df*EPm 1 -m5ll £M [W] 0>t>SS«[T] *\ 
<7)X-£ >#\Z£>\f2>m 1 »G r 1 -$58G r 5 0g 

0*. ri (i=1,2. 3,.. .) JWSn&WI*1*tt«a>&«* 

2, 3. ... ) »tti<ti/t&»m<Dit±mwim\** wt 



(17) 



*#gPF t 1 -3 0 7 4 6 



[oi 04] i8~ii o is. mmm 1 -mmm 3 ic-g- 
[m] (i = K;k [t] iSM3Sffiicfcct-£§iiRS (£#t>n 

£Ac. ^iRMS'*'. HJg(d)lidS|lc*nr-£iRg. 
f&miS C) IJIE3$^#^gUT33U. ®a(DM)tHS 
(D S) li. yj-^-f^-^l/Bi-y-v^^STOdlKCjtt 

[oi 05] «j±Rtwzp z>nmm i ^co<i.c>^msgfi 
ficLfcyufca*, niiftPT-&-5X-Aya y^cD<i 

/L^ffl^SCtlJIIUO,, fCT. X-AU>X(J±*K 



-5iPI3#G r 3 <!;. iE©/t9-«:Wr'5lg4|$G r 4 
£. ^e»flc«J. SPOHPl^blCtoTX-i^^ft 
5 4 mmf&<DX- A U >XT-S>-5. 
[0 10 6] ($1 |g?g> J±&09WfcX-AXa 

ttW lc* $ c Nfe «> lc3g^±(B)g i & -5 X- AP 

€«s u/t ib 3 , # i o ) . su ic ttmmo&x- A 

i¥#0. 1mm¥*7<g.k£*gCL£:ii^©Mi§3g[T]T<Z><I 

M. DSIi^U^-f^-^k Vi?*Ar<D)*#*1gm. AXCM 

i^Y'=-14. 4T©fiI£jSUTO-5o 13PGr 
3il48G r 4<0fl|^«j|HB*a«#«l=**OCta« 
*CT. «4«Gr4«fi«.KISfi«4^< 
(X-AXP •> <LUT«SU>i. 
[0 1 0 7] 
»1 1 

-A^a «•£.>« *(■■)> 

■C-i]=0. lu 





DM 


DS 


AXCM 


m i 


o. no 


0.051 


0.002 




-0.063 


0.076 


-0.001 




1. 280 


0. 284 


0.030 


mitt 


-1. 2L7 


-0. 393 


-0. 031 



[0 10 8] <Jg2J3Pg> tt««©«S»Tft* 
»*>6»ltIILfc(H3. #2 0). «2IC. !4SGr4 

3 s^e>inic i*s 

•RXfiKtt(l), a^«*«K(ll), #£*MMIk(lll). 

iyy/\-Mum. mtowmm& (v> -c»«. 14PG 

r 4IJ^t)#ffiiJ©X-AHT35-5)7t«>. -t©ft«ij»£*r 
0T&-3. S3IC. Hi»kS(0. 1mm)] X U*"Cy*© 

40. *ai=tJi^ro[i ;*£^©«su ;&#[«»£.««£] 

<ltR0IO#5SB(S6 4 B) >««B<D 3 



atfeii'jp© 3 ;*iRM«a<t© i ace^Tsasft-sa*. 

*o 1 Jfc»*0«»****0«tiO [ 1 iu r- 

S3*©if5 1 JS~!g4JSIi. MMjJRSfli 

«fc [«&*«] C©^ttffi<h0SB8©<B«C>iKg 
«1 ) tOtORftfft>fc(H3. #20). 
[0 1 0 9] 
[i6 2] 





(I) 


(ID 


(III) 


(P) 


(v) ; 


**£5?( )D 


-8. 5792 


-7. 8172 


-3.284 


I. 5194 


-0. 7879 




x JO" 6 


x 10" 4 


x 10" 2 


x 10" 2 


XiO" 0 


)r 


0 


0 


0 


0 


0 



[0 110] 



[S3] 



(18) 



*#§S¥ 1 1 - 3 0 7 4 6 





DM 


DS 


AXCM 




-E'PL*Y' 


-E'FL-Y" 


E-[(3-* 
2 -FL 3 )/< 
8-FN0*)] 


223. 776 


223- 775 


2049.861 


m i m 


0. 000 


0. 000 


0. 000 


(a * j - a i ) 


0. 010 




0. 058 


0.012 


0. 005 


- a i 


0. 003 




0. 000 


0. 000 


0. 000 


-(a ' *j- a #i) 


•0. 249 




-I. 161 


-0. 387 


-0. 039 


ati 


-2. 213 




-i. 103 


-0. 375 


-0. 034 




1 


-1. 217 


-0. 393 


-0. 031 



[oiin <fi3j£pg> 2ooffi£ht£nr3<h, 
» ic j: y » e> tifcm <h ic <t < — & l t t * * c <t # 

hP-;Uf ^C<h^T^^>Cc!:lc^:^o (SIC 2 OOffi 

U T t> 3SB!(&iR«#/h $ < £: €> ft I MSTflEttfl** SOT. 
*o«*fcii«it«JKTO!)jS«ta/JWkr*ia:lt*ffiL 

#6 0). 

CO i 1 2] a3*»6#3&»*J:5lc:, IA±aviR^(AXC 
Ml O^ltcDia<!:A;^-r^T^4iIC0filCci:S't)OT^> 

mxn o«ffiiR3fi«a (i) Die 1 1 fts^oaa] 

■Dfct>OT**K(6F)#H. Jo fr*^«Rit>S4ii^ 

a^w mem <&:□ 7iR*«a u n dic [ 1 
ai*3&»30»ofct>©T**ia(5(a»B. 1. 

T, i4HGr 4 0Tf7a'fcfC«t*a±a"7lR»t/ha 



SB4#G r 4(0**ffiiR«<&a(l)D£/J*S< 

(4. M4«g r 4o>37iRaaa(ii)D*/hs<rtitf 
ctoc<h^^orc(H3, # 3 o) 0 
[0113] <m4ispg> ai&a»MEe*e<rs± 

SB£ttoTO*3;fcJR*«a*. ±E«3SBT1*S 
Il3,#40| g b#W(C(4, i4HGr4(DSIlRi 

aa(HDta7iR«aa(ino*^s<-r*. >4, m 

SIC. 3 2kiR%aa(l)D, (H)D^/Jx$<-rS^it^iT-p 

fc£*G>3ifciDa«a. a«c>iR**e. 82, S3&n 

JRSfta (l)Dta viRM^a (I I) D#'J*S OSSCd: 

KIC/J\3<*oTU*. 
[0 114] 
»4] 

(11)0**3 < Lfc»*> 





(1) 


(ID 


(III) 


(P) 


(V) 


#5t8?< )D 


-1. 4195 


-1.6263 


0. 264 


I. 5638 


1. 8596 




x 10~ 6 


x 10~ 4 


x 10" 2 


x 10" 2 


xl0-° 


*«8( )R 


0 


0 


0 


0 


0 



[0 1 1 5] 



[is] 



(19) 



1 1 - 3 0 7 4 6 



<it«eiCD 3 (l)D. (II)D£/h£ < L7t«^> 





DM 


DS 


AXCN 




-E-FL-Y ' 


-E-FL-V 


E-[(3- jc 
2 -FL 9 )/( 
8-FNO 3 )] 


223. 365 


223. 865 


2052. 295 




0. 000 


0. 000 


0. 000 


(a * j - a i ) 


0. 010 




-0. 016 


-0. 012 


0. 001 


- a i 


0. 003 




0. 000 


0. 000 


0. 000 


-{<* '*j-a#0 


-0. 348 


^4 IS 


-0. 247 


-0. 082 


-0. 007 


a Si . 


-2. 263 




-0. 263 


-0. 095 


-0. 006 





[0 116] <3l5fSPg> ±!E<D«fce>IC^4gfG r 4© 
3;*iRM&£fc£l*£^<k£l+3<!:. 3 ;*tRg&gfc 

. »S JWfc^ttlSE £ ft -5 C £ #T* £ ^ £ I ^ fflS 
fCT, f<t$ttl4i3fG r 4 <£> 3 
£ICLT. ^:<*©3;*iR^<lS[©lQ*i/h$ 
<^^>«te)IC^l+^fto/t (13,#50)„ JlttttlC 
(4. !S3f*G r 3CD3;*iRM<£3&£;MIlC^t$ti-5£: 
»IC. r 3 IC?M*E£ilJlQLT. -T^TOX- 

fc„ ffl S¥G r 1 ~^3S¥G r 3 © 3 ftHUMMteKfc 



[01 i 7] ±E#aarft«-nnufcian-aottBA«. ± 

Eil«IflM-C*4. 8 6 1:. •eoKli'ttOlllBOfli'MK 

m*. a i tmmz^t. S6A»e>#*»*j:pic, si 

LTO£S4ffG r 4 0>«<C>fl!SSaffi3C£%£. SB 3 
l¥G r 3©«/C>giM®gt>/jNS<«:oTl^<5. g 7 IC, 

ttmmtmmm} ©#x-ASf©£ass[T]T©3;KiR 

4*3 «3«G r 3d:«4«G r 4093%iRSfilfk 

[0 118] 
[316] 



<3SMtfl>J 1 ©ail*[T]ti54X-A^D v * <D fi-L- «£(««)> 
fffUi:[flti]=0. In 





DM 


DS 


AXCH 


* i m 


0. 105 


0.052 


0.002 


m2& 


0. 018 


0. 097 


0.000 


m3& 


0. 175 


-0. 049 


0.005 


mm 


-0. 291 


-0. 101 


-0.007 



[0 1 1 9] 



w 7] 



(20) 



ftmW- 1 1- 3 0 7 4 6 





(1) 


(in 


(III) 


(P) 


(V) 


x 10~ 6 




x 10~ 2 


x 10~ 2 




tt 


m i p 


i. 1613 


-1. 8144 


4.3567 


I. 0104 


-12. 7781 




-3. 528 


-0. S739 


-6. 1886 


-4. 7615 


8. 722 




LI. 057 


10. 307 


5. Ill 


2. 341 


-0.619 




-8. 579 


-7. 817 


-3. 284 


1. 519 


-0.788 




0. Ill 


0. 002 


-0. 005 


0. 109 


-5. 463 


ft 

9! 

1 


g 1 1? 


1. 0889 


-1. 7327 


4. 2753 


1. 0017 


-13. L635 




-I. 5283 


0. 9903 


-5. 3488 


-4. 7081 


8. 8763 




1. 829 


2. 783 


0. 749 


2. 176 


-2. 816 




-1. 420 


-1. 626 


0. 264 


1. 564 


1. 860 




-0. 030 


0. 414 


-0. 061 


0. 034 


-5. 244 



[0 1 2 0] 

[0 2] fls«c»iRM«saa)saj*sttwr«fc»©0. 

[0 3] ^9BWICfiK«il^glSSaiSXKIi-(O^III«^ 
[0 5] 



r1 r6 




[®4] «xni=a-sai^Hffissffiaasnt<!:!ie3iE(OK 

[0 5] HffiCTI ©U>X*W£H. 

[0 6] H«gffi]2(DU'>X«fi£0o 

[0 7] H«Bffl|3©U>X«fiR0. 

[0 8] Hffifi] 1 CDiR^0o 

[0 9] %mm 2 OiR^0. 

[010] HJgffil 3 ©IRM0. 

[f?^©Stl«] 
G r 1 -351 m 
Gr2 -12P 
Gr3 -3S3S* 
Gr4 -S4S 
Gr5 -X5S 
A -«tj 



[06] 




(21) 



ftffiW* 1 1 - 3 0 7 4 6 



[il] [12] 




(22) 



1 1- 3 0 7 4 6 



[0 3] 

# 1 0 



FND-4.E0 



Y : J:<-STt^> 
N : -StL^^ 



#20 



sc 



-0.5 0.5 

fKO-S-22 



#30 



N 



#6 0 CM) 



x 



-0-5 0.S 
FN0-S.B0 



fg4©H 



#40 



CT) 



-d 

-sc 



#50 



[08] 




DM 
-DS 



-o.s a.s 
V-17.3 



DM 
-DS 



-O.S 0.5 

Y--17.3 
1/ /' 

/ 

/ 
f 
I 



DM 
D5 



•O.S 0.5 



r -17.3 



-6.0 S.0 

i a % 

r -17.3 



-5.0 S.O 
£ ft % 

r-i7.3 



5J3 



(23) *#gfJ¥ 1 1 -3 0 7 4 6 



[9 9] 



FNCM.10 



CW) 



1 



sc 



-O.S O.G 
FN0-S.2D 



SC 



-O.S O.E 
FNO-5.80 



sc 



-O.S 0.5 




-0.5 O.S 

V-17.3 



-0.6 O.C 

r-17.3 



-0.S 0.5 



r-17.3 



-17.3 



OM 
-05 



DM 

-05 



-5.0 



(24) ftHsp i 1 - 3 0 7 4 6 



[01 0] 



FNOH.SO 



CW3 



sc 



r-17.3 



-DM 
-DS 



-0.5 0.5 
FMD-5.22 



CM] 



} 



FND-5.30 



(T3 



sc 



0.5 O.S 

Y* -17.3 



Y* -17.3 



-5.3 S-0 

M ffl % 

Y--17.3 



DM 

-DS 



-s.o sx 

£ Et£ ^ 

Y'-17.3 



"OM 
-DS 



0.5 0.S 



s 



S-D 



